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Executive Summary 



The Pusat Sains Negara (PSN) or National Science Centre at Kuala Lumpur was 
opened to the public six years back with a vision to create interest for learning of 
science and technology among Malaysians. In last couple of years PSN has been 
very successful in generating public awareness, appreciation, interest and 
understanding of Science & Technology by displaying various live experiments, 
exhibits galleries and conducting various seminars and shows. 

Buildings, which are constructed for such a noble cause not only, provide a 
platform for learning but also provides a very comfortable environment to the 
curious learners to imbibe various things to the best of their ability. For creating 
a suitable environment they maintain required thermal, audio and visual 
comforts inside the building. These comforts are usually provided by electrical & 
mechanical systems and in return they consume energy. It is basically the 
government responsibility to arrange regular supply of energy to these buildings 
for their smooth hinctioning. In recent past many buildings have been designed 
without giving adequate importance to the energy efficiency or esthetical aspects 
or functional aspects got more importance over energy efficiency. This led to the 
over sizing of the electrical & mechanical systems. When these systems are 
operated at part load they waste energy. In last decades various studies were 
conducted on building design & their performances and they reveal that there 
exists a potential to save substantial amount of energy in these buildings. 

Pusat Tenaga Malaysia, which is working in generating awareness among the 
Malaysian people about energy efficiency and conservation in buildings, has 
started various innovative programs for buildings. Building energy audit is just 
one of such program. 

Energy audit is a systematic approach to identify energy waste in building 
operation and to determine how this waste can be eliminated within a 
reasonable time frame. The energy audit quantifies the energy use and identifies 
energy conservation opportunities with scope for energy and cost savings that 
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are lilcely to be realised through investnient in an energy conservation program 
and its outcome can be used for a prioritised action plan to conserve energy. 

Team comprising qualified professionals from KHEC, Malaysia & Tata Energy 
Research Institute, New Delhi, India conducted the energy audit of the Pusat 
Sains Negara and major hndings of the study are given below. 


Major findings of the study 

■ The PSN is a circular building with four levels. The first two level house 
exhibit or science galleries and remaining two are being used for office, 
library, function, and canteen and conference purposes. 

■ The building is open to the public from 9:00 AM to 5:00 PM and for 360 
days in a year. 

■ The total build-up area of the building is approximately 21756 m^ out of 
which 65% is conditioned and remaining 35% in non-conditioned area. 

■ The total connected load at PSN of energy system is approximately 1412 
kW or 65 W/m^. 

■ HVAC system accounts for 75% of the total connected load, lighting system 
for 14 % and remaining 11% is pumping and plug load. 

■ The highest peak demand in a year at PSN was recorded 997 kW. Not 
much variation is seen in the monthly peak demands, which indicates that 
seasonal variation is not very signihcant. 

■ The annual average electricity consumption at PSN is approximately 
3380400 kWh. Air-conditioning accounts for 64% and lighting for 24% of 
the total annual energy consumption. Remaining 12% is consumed in 
pumping and general equipment. 

■ The total energy cost at PSN is approximately RM 815715 per year. 

■ At present the electricity tariff is 0.23 RM/kWh, 

■ Building energy index (BEI), which is calculated as total energy consumed 
divided by total built-up area and used to estimate the operating efficiency 
of the building. At PSN, BEI is found to be 155 kWh/m^-yr, which is more 
than the index recommended for air-conditioned buildings in Malaysia. 

■ There are two transformers of 2000KVA and 2500 KVA ratings and are 
installed to step down incoming power from llkV to 415 Volts. 

■ The average loading on transformer no-1, which feeds to the A/C system, 
is 25 . 6 % and on transformer no-2 which feeds to the lighting system is 
16 %. 
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“ Power supply has been very smooth and in last year hardly there was any 
power cut experienced at PSN. 

■ Since the maximum load of the building remains less than 1000 kW 
throughout the year, it is advisable to shift entire load on one transformer. 
This would save approximately 33350 kWh per year or RM 7670 per year 
without any investment. 

® The lighting schemes in PSN building contribute to a load of 203 kW, 
however the maximum operating lighting load is around 135 kW. 

■ Energy consumption in lighting system is approximately 811296 kWh/year 
and the current lighting energy index is 37 kWh/m^-yr. 

■ By replacing copper chokes with electronic choke in 36-W & 18-W fixtures, 
approximately 69189 kWh energy or RM 15023 could be saved every year. 
However, this would require an initial investment of RM 51650 with the 
simple payback period of 3.4 years. 

“ Instead of above, if all the 36-W monophosphor is replaced by new T-5 
lamp and copper ballast in 18-W Auorescent lamp is replaced with 
electronic ballast, this would yield an annual saving of 127829 kWh or RM 
29400. This would require an initial investment of RM 72650 with a 
payback of just 2.5 years. 

■ By implementing above measure the lighting energy index would be 
reduced to 31 kWh/m^-yr or a saving of 6 kWh/m^-yr can be realised in 
lighting system. 

■ By installing energy saving device on the external lighting feeder and 
operating it at a reduced voltage of 200 V during night would save 14454 
kWh or RM 3324 annually. The implementation would require an initial 
investment of RM 4000 with a payback of 1.2 years. 

■ The installed AC system load at PSN is 1049 kW. Compressor accounts for 
58%, chilled water pumps for 13%, condenser water pumps for 9%, AHUs 
forl3%, cooling tower for 3% and remaining 4% is fresh air & ventilation 
fans. 

■ The operating AC load is approximately 624 kW. Compressors account for 
55%, chilled water pumps for 15%, AHUs for 16%, condenser water pumps 
for 8%, cooling towers for 2%, fan coil units for 1% and remaining 3% is 
used in stand alone AC system. 

■ The coefficient of performance (COP) of operating air-conditioning system 
is calculated to be 2.44, which is lower than the minimum COP (2.9) 
recommended, by Malaysian standard. 

■ The current air-conditioning energy index (AEI) is 99 kWh/m^-yr. 
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■ The estimated annual energy consumption in AC systems is approximately 
2095848 kWh, which is around 64% of the total energy consumed in PSN. 

■ By switching off one cooling tower fan during normal operation 
approximately 12960 kWh energy or RM 2980 energy cost could be saved 
and this would not reguire any initial investment. 

■ By optimising condenser water flow in such a way that a 5 ° C temperature 
drop should be achieved across the plant, approximately 226080 kWh or 
RM 51998 could be saved with only marginal expenditure at the beginning 
of the implementation of this measure. 

■ By installing variable frequency drive on the condenser pumps once the 
dow has been optimised a further saving of 86400 kWh or RM 19872 
could be achieved. However, the implementation of this measure would 
require an initial investment of RM 33000 with a payback of 20 months 
period. 

■ By installing variable frequency drive on chilled water pumps which would 
eliminate the throttling effect and also vary the flow as per the demand, a 
saving of approximately 133200 kWh or RM 30636 could be saved every 
year. However, RM 45000 would be invested initially to implement this 
measure and the payback period would be 1.5 years. 

■ Since the load in zone varies depending on factors like ambient condition, 
occupancy and lighting load, AHUs load also varies. If variable speed drive 
is installed on the temporary gallery AHU fan motor it would help saving 
an energy of 12600 kWh or RM 2898 per year with an investment of RM 
6000. The payback period of this measure would be approximately 2.2 
years. 

■ With implementation of above measures in air-conditioning systems there 
exists a potential to save approximately 471240 kWh or RM 108385 per 
year. An investment of RM 84000 would be required with an effective 
payback period of just 0.8 years. 

■ The AEI would reduce to 78 kWh/m^-yr from 99 kWh/m^-yr or a saving of 
21 kWh/m^-yr could be achieved. 

■ The reduced building energy index would be 126 kWh/m^-yr or a saving of 
29 kWh/m^-yr could be realised by implementing the hndings of this 
study. 
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2.1 Background 

The Pusat Sains Negara or National Science Centre at Kuala Lumpur has been 
created as part of the Malaysian Government’s “Wawasan 2020” or Vision 2020 
strategy with a mission to nurture interest in life-long learning of science and 
technology among Malaysians. The main objective of this centre is to increase 
public awareness, appreciation, interest and understanding of Science & 
Technology. 

(Background ofthe project, client & team) to be written by KHEC 

2.2 Sources of Data & Intormation used in the project 

At the outset of this project for the collection of primary or desk top data a 
preliminary questionnaire was sent to the National Science Centre to collect 
some important but brief information about the energy data and system details. 
Immediately after this a detailed questionnaire with various formats was 
submitted to National Science Centre. Data collected from these exercises as 
well from the building drawings, equipment manuals, logbooks, and records 
have been used in conducting the study. 

The secondary data was collected by a very detailed and comprehensive field 
survey, which was carried out in the month of September. Sophisticated and 
accurate instruments were used in collecting the data. Building load, operating 
equipment data and indoor thermal comfort conditions were measured and data 
were logged for 15 minute intervals. Yarious historical data, which was collected, 
were also verified during measurement. 

2.3 Level of error margin in estimation of energy quantity & 
energy cost 

During audit we were informed that the contract records are with PWD and it 
was difficult for both client and the energy auditing team to lay hands on them. 
Civil & electrical & mechanical contract records include technical & hnancial 
specihcations. Yarious design data, rated equipment data, thermo-physical 
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properties of the building elements and operating schedules are generally 
defmed in technical specihcations. Equipment cost and labour cost and other 
related cost for installing or retrohtting are generally defined in hnancial 
specihcations. These specihcations are very useful in redesigning a system and 
in estimating the retrohtting cost. Apart from this few data were also not 
available and it was told to the audit team by experience of the client. By using 
latest and accurate analytical tools it is felt that as far as the estimation in the 
projected savings in energy quantity and energy cost the projected figures are 
quite accurate or could vary in the range of -5 to +5%. But in absence of contract 
records the estimation of retrohtting cost or implementation cost of energy 
saving measure may be different and it may vary in the range of -20 to +20% of 
the projected retrohtting cost. 

Therefore it is recommended that at the time when it will be iinally decided to 
implement an energy conservation measure, actual quotation must be obtained 
from the supplier or manufacturer to estimate the implementation budget cost. 
Einancial analysis should subsequently be modihed and that should be taken as 
final hgure to evaluate the economical attractiveness of the corresponding 
energy conservation measure. 

{Disclaimer to indicate the Energy Auditor’s independentposition and absence 
or declaration offinancial interests in the recommended energy sauing 
measures - to be written by KHEC) 
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3.1 Site Description 

Location 

The Pusat Sains Negara (PSN) is located in a harmonious and attractive 
environment of Bukit Kiara, Kuala Lumpur. 

Age of the building 

The age of the building is approximately six years since it was opened to the 
public by honourable prime minister of Malaysia, Yab Dato Seri Dr. Mahathir 
bin Mohamad on 29 November 1996. 

Orientation & size 

The PSN has a unique architecture. From outside it looks like a truncated cone 
capped by a geodesic cone. The building is circular and symmetrical therefore it 
appears similar from all directions. The centre has got four Aoors popularly 
called as levels. The total built-up area of the building is around 21756 m^ out of 
which 14221 m^is air-conditioned and remaining 7535 m^ is non air-conditioned 
area. 

Level-1 (Ground Floor) 

Annexe building, which serves as the entry point to the PSN building, aquarium, 
electrical, mechanical & carpentry worlcshops atrium and exhibit galleries are on 
this level. Annexe building and exhibit galleries mainly pathways to discovery, 
pathways to science, environmental odyssey are air-conditioned. Part of children 
exploration centre and electrical workshop are also air-conditioned. Atrium 
part, which occupies the centre area, is still not conditioned but PSN authority is 
planning to make it conditioned with the help of some additional air- 
conditioning plants. The diameter of the this circular floor is approximately 90 
m and the total floor area is around 6756 m^ out of which 4520 m^ is 
conditioned area. 
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Children exploration centre 


Environmental Odyssey 




Atrium 


Pathways to science 


Level-2 (Pirst Floor) 

The floor areas of level-2 looks like a concentric ring with outer diameter of 90 
m and inner diameter of 30 m. On this floors mainly exhibit galleries e.g. future 
world, thinking machine, TechnoMal, inventor’s corner, Hall of fame and 
temporary galleries are located. The total built up area of this floor is 
approximately 5517 m^ out of which exhibit galleries area is 5105 m^and 
remaining 412 m^ is gallery. The total air-conditioned area on this level is 
around 4132 m^. 



Thinkingmachine Techno-mal 
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Level-3 & Level-4 (Second &. Top floor) 

Staff offices, executive offices, library are located on the level-3 and 
multipurpose hall and prayer room are on level-4. There are two auditoriums 
also on these two floors. The level-3 is formed with the help of a concentric ring 
having outer diameter of 82.5 m and inner 32.5 m. The total built-up door area 
on level-3 is approximately 4550 m^out of which 4284 m^is air-conditioned. 
The total built-up area on level-4 is approximately 1690 and out of which 
1287 m^is conditioned. 



Office 


The name of the specihc areas, total built-up areas and conditioned areas of PSN 
are given in table no-3.1 below. 


Table 3.1 Built-up area of each level 




Total built- 

Conditioned 

Non-conditioned 



up area 

area 

area 

Level__ 

Specific areas 

(m") 

(m^) 

(m^) 

Level'l 

Annexe building (entrance) 

Exliibitgallenes: Apuanum, Environmental odyssey, 
Pathway to science, Pathway to discovery, children 
exploration centre 

Electncal, mechanical & carpentiy workshops & stores 
Atrium 

6756 

4520 

2236 

Level-2 

Exhibit gallenes: Puture world, Thinking machine, 
TechnoMal, Inyentor^s corner, Hall of fame, Temporary 
galleries 

5517 

4132 

1385 

Level-3 

Staff offices, Executive offices Library, Auditorium-1, 
Auditonum-2 

4550 

4284 

266 

Levei-4 

Multipurpose hall, Prayer rooms, 

Pantiy 

1690 

1287 

403 


Building elements 

Both exterior and interior wall of the building are made of 9 mm UAC 
compressed fibre cement. Toilet wall is 230-mm thick and made of brick with 
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15“inm plasters on both sides. Partition wall is made of 115-mm brick with 15- 
mm plaster on the both sides. Exteriors wall are covered with 6-mm 
polycarbonate sheet and same sheet is nsed for the construction of the dome. 
Roof is made of 4” RCC and 6 mm-grey tinted glass is used in windows. 





Dome as seen from the bottom 


Building tunction 

Pnsat Sains Negara houses many different exhibits designed to stimulate, excite 
and encourage visitors to take an active interest in science and technology. The 
exhibits located in various galleries are based on different themes, which can be 
divided into two main categories, namely, basic sciences and technology. The 
overan concept of the centre is to link science to environment and religion, as 
well as to relate science with all aspects of life, knowledge and applications in 
our daily life. The main mission of the centre is to increase public awareness, 
appreciation, interest and understanding of Science & Technology. 

The PSN creates an environment and provides facilities for the fun learning of 
science. It also provides and fabricates interactive science exhibits. The PSN very 
frequently organises fun science programs and activities and acts as facilitator 
and advisor on informal science education. 

Operating schedule 

General starting time of the centre is 7:00 AM and general finish time is 5:00 
PM for permanent staff, which is around 70. However, centre is open to the 
public only from 9:00 AM to 5:00 PM and closed to the public on Priday. 
PSNoperates for all the 360 days in a year. 
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3.2 Electrical Supply 

The electricity in National Science Centre is suppliedby two transformers. They 
are 2500 KVA and 2000 KVA, llkV/415 Volt transformers and located on level 
one near the main air-conditioning plant room. In addition, each level is 
supplied by individual panels (switchboards) connected to the main panel (LV 
Switchboard) 

3.3 General Lighting 

Indoor lighting in PSN is predominantly done by Auorescent lamps, followed by 
low voltage halogens and use of compact Auorescent lamps is at the third place. 
Metal halide lamps are mainly used for illuminating outdoor area. The different 



Lamps used for indoor lighting 



Lamps used for outdoor iighting 
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types of lamps used their numbers and wattage and how much they contribute 
to the lighting load is given in table3.2, table 3.3 & figure 3.1 below. 


Table 3.2 Lamps used in NSC 


Lamp type 

Nos. 

25-Wlncandescent 

46 

18-W Compact Huorescent 

297 

18-W Ruorescent 

1139 

36-WFIuorescent 

1852 

12-V 50-WHalogens 

679 

24-V 120-W Halogens 

36 

70-WMetalhalide 

27 

400-W Metal Halide 

22 

500-WMetalHalide 

8 

1000-W Metal Halide 

3 

70-W High Pressure Sodium 

47 

150-W High Pressure Sodium 

5 

Table 3.3 Lampwise breakup of lighting load 

Lamptype 

Load (kW) 

Incandescent 

1.15 

Compacttluorescent 

5.6 

Ruorescent 

132.04 

Halogen 

38.33 

Metalhalide 

21.69 

High pressuresodium 

4.04 

Total 

202.85 



RgureS.l 


TERI Report No. 2002IE42 






Energy Audit of Pusat Sains Negara 


15 

The general lighting in galleries is provided with single 36 W Auorescent lamp in 
ceiling mounted indoor decorative luminaire with metal louver. Parallel rows 
(rails), with six to thirteen single lamps are formed but they are kept off for most 
of the time since objects are highlighted mainly with the focus lights using low 
voltage halogens. However display lights which are using 18 W and 36 W 
Auorescent lamps are always kept on in various galleries. 



IndirectlightingatAnneK Luminairewith retlectors 


Office and library are illuminated with the help of recessed mounted twin 
Auorescent lamps housed in indoor decorative luminare with structured louver. 
However lighting in auditorium and workshops are provided with the surface 
mounted twin fluorescent fixture with mirrored reflectors. 



Single lamp row used in galleries 

Corridor or circulation gallery lighting is done with the help of CFLs. 

Landscape lighting uses 18W CFL, 400W metal halide lamps are used for fagade 
lighting and street lighting is done with help of 70W high pressure sodium 
lamps fitted in post lantern fixtures. 
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3.4 Ceneral Equipment 

Office eqmpment nsed in the Pusat Sains Negara includes computers, printers, 
photocopying machines etc. In addition to this Idtchen equipment are used in 
pantry. Pumps are used for domestic water circulation as well as in aquarium. 


3.5 Air-conditioning System 

The space conditioning in the National Science Centre is provided with the help 
of a centrally air conditioning plant. The installed refrigeration (generation) 
system consists of three rotary screw liquid chillers of 320 TR capacity each. 
These screw chillers are of water-cooled type. The design details of these chillers 
and auxiliary equipment are given in table 2 in Appendix-3: Air-conditioning 
systems, which are collected from the design drawings. 



Rotaryscrew chillerot 320-TR rating 



Peerless chilled water pump 
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Peerless condenser water purrips 


The chilled water is circulated with the help of three ceiitrifugal pumps of 45 kW 
ratings and water in condenser line is circulated with the help of three 
centrifugal pumps each of 30 kW rating. The rated pump’s parameters of chilled 
water pumps & condenser water pumps are given in table 3 & table 4 of 
Appendix-3: Air-conditioning system. 


Hot water from condensers is cooled in three induced draft cross flow cooling 
towers, each of 400 TR capacities and each cooling tower has installed with two 
fans, motor rating of each cooling tower fan is 5.5 kW. Rated cooling tower 
details are given in table 5 of Appendix-3: Air-conditioning system. 


The refrigeration plant is located outside at level-l (ground), next to the main 
electrical incoming sub-station. Where as connected cooling towers are located 
outside at level -4. 


Approximately 24 air handling units (AHUs) of different capacities installed to 
circulate conditioned air to different gallery’s/corridors/offices etc. Apart from 
the AHUs, chilled water is also supplied to 18 fan coil units (FCUs) which supply 
conditioned air to the different areas of the centre for providing required space 



York airhandlingunits 
TERl Report No. 2002IE42 


Two-way valve controi at AHU 



Energy Audit of Pusat Sains Negara 



conditioning. The speciiications of the installed AHU/ FCU are given in table 7 
to table 11 of Appendix-3: Air-conditioning system. 

Connected load break-up of Air-conditioning system 

As mentioned in earlier section that the total cooling capacity of the central 
plant at National Science Centre is aronnd 960 TR. In order to produce this 
much cooling per hour systems takes certain amount of input energy which is 
the sum total of the rated input kW of all equipment in air-conditioning. The 
installed load of equipment is given in table 3.4. 


The plant schematic diagram is shown in Figure 3.2 . 



Pigure 3.2 
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Table3.4 Rated load of air-conditioningsystem 


Equipment 

Nos. 

Connected load (kW) 

Plant 

3 

609 

CHW pumps 

3 

135 

CDW pumps 

3 

90 

AHUs 

all 

137 

FCUs 

all 

2 

Fresh airfans 

all 

33 

Ventilation fans 

all 

10 

CoolingTowers 

3 

33 

Total 


1049 


Equipmentwise breakup of HVAC connected load 
(National Science Centre, KL) 


Ventilation fans 



13% 


Rgure 3.3 


As shown in hgure 3.3 above that compressors contribute maximum (58%) to 
the installed load of HVAC system, pumps account for 22%, followed by AHUs 
which account for 13 %, cooling towers 3% and remaining 4% is ventilation load. 

The system specific energy ration defmed as total input kW of the system 
divided by total cooling capacity is 0.92 kW/TR this means that for producing 
one ton of cooling this system will consume 0.92 kW of energy when operated at 
its rated building load. 
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Rated Coefficient of performance (COP) of installed air-conditioning 
system 

The term coefficient of performance (COP) is simply the ratio of cooling effect 
produced expressed in BTU/h divided by the energy input also expressed in 
BTU/h. 


Total cooling capacity of plant (TR) : 960 

Total cooling capacity of plant (BTU/h) : 960*12000 = 11520000 

Total input energy (kW) : 1049 

Total input energy (BTU/h) : 1049*3413 = 3580237 

System COP : 11520000/3580237 = 3.22 

3.6 Building Automation 

Science centre has installed building automation system (BAS) at level - 1, 
supplied by Honey well Company, USA. It basically has facilities to monitor the 
reMgeration system apart from Fire alarm system and Access control systems. 
Status of operation of refrigeration compressors, chilled/condenser water 
pumps, cooling towers, AHUs (24 nos.) can be seen on the PC. BAS has facilities 
even to start /stop the chillers operation day-wise. The sequence of starting at 7 
AM is AHUs, cooling towers, and condenser pumps, chilled water pumps and 
refrigeration compressors. BMS is designed to mainly monitor the various 
parameters in different equipment and they are listed in table 3.5 below. 


Table 3.5 Monitoringparameters atBuildingAutomation system 


Egui pment _ 
Coolingtowers 
Chilled waterpumps 

Condenser water pumps 
Refngeration compressors 
Airhandlingunits 


lyionitonng parameters 

Valves ON/OFF, Low/High water level mdicator, Status 0N/0FF 
StatusON/OFF, Pressures IN/OLIT,Temperatures IN/OUT,Total 
flow rate (GPM) 

Status 0N/0FF, Pressures IN/OUT,Temperatures IN/OUT 
Comp #1,2 with BAS, Comp #3 manual,Total 'TR’ generation 
Status 0N/0FF, Return airTemperatures,humidity,C02 PPM, 
Chilled waterTemperatures, pressure, 2-way valve status, Set 
temperatures, Two space sensors (temperatures, humidity) 


TER 
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4.1 Energy Consumption 

Electricity is the only form of energy, which is consumed in operating various 
energy systems at Pusat Sains Negara. No doubt diesel-generating (DG) sets are 
also installed which use fuel oil as their energy input to generate in-house 
electricity but their use is absolutely minimal since power supply is excellent in 
Kuala Lumpur. During audit it was observed that there was hardly any power 
failure in year 2001-2002. DG sets were only operated for a very short time for 
their routine performance test. 


The monthly electricity bills were collected for last one year. The energy 
consumption data and average peak monthly demand data were recorded. The 
monthly electricity consumption in the year 2001 at Pusat Sains Negara is listed 
in table 4.1. 


Table4.1 Monthly electricity consumption 

Month 

Consumption (kWh) 

Januaty 

275680 

Pebruaty 

212620 

March 

291370 

Apnl 

288060 

May 

308930 

June 

301810 

July 

323160 

August 

275960 

September 

273510 

October 

317370 

November 

268190 

December 

243740 

Total 

3380400 


The total annual consumption is approximately 3380400 kWh per year at Pusat 
Sains Negara. 


The maximum consumption occurs in the month of July (323160 kWh) as 
compared to the minimum consumption which stands at 212620 kWh and 
occurs in the month of Pebruary. 
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The average monthly consumption works out to be around 281700 kWh and 
average daily is approximately926l kWh. 



4.2 Building Energy lndex 

This type of index is generally developed to have a quick evaluation of operating 
building efficiency and also for comparison with similar types of buildings. 
These indices indicate the potential of energy saving potentials exist in the 
building where energy audit is being conducted and when they are estimated 
again after the completion of the energy audit they give an idea of how much 
efficiency is enhanced in that building. 


Annual energy consumption (kWh) 

: 3380400 

Total built-up area (m^) 

: 21756 

Building Energy Index (kWh/ m^) 

: 3380400/21756 = 155.4 

4.3 Electricity Tariff 



For the payment of electricity bills Tariff code:34 is being followed. 

4.4 Energy Cost 

The amounts paid towards electricity charges have been collected from the 
energy bills for one full year and analysed. Monthly variation has been studied 
also the average monthly cost and average daily energy cost has been worked 
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out. The cost index defined as total energy cost divided by total built-up area has 
also been worked out. 


Monthly energy cost is given in table 4.2 below. 


Table4.2 Monthly energy cost 


Month 

Energy cost(RM) 

JAN 

66368 

FEB 

55045 

MAR 

69557 

APR 

69292 

MAY 

73355 

JUN 

71960 

JUL 

75972 

AUG 

66669 

SEP 

66351 

OCT 

74577 

N0V 

65542 

DEC 

61027 

Total 

815715 



AAonthly Energy Cost 

(National Science Centre, Kuala Lumpur) 
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Figure4.2 


The total annual energy cost at Pusat Sains Negara is approximately RM 815715. 
The highest cost is observed in the month of July and lowest in Pebruary. 
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The average monthly cost is around RM 67976 and the average daily cost is RM 
2235. 


The cost index is approximately 37.5 RM/m^ yr. 
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End Use Load Apportioning 



5.1 Daily Load ProfiIe 

Energy sub-meters are not installed at Pusat Sains Negara to accurately record 
the energy consumption in various equipment and systems. Out of two 
transformers one is feeding to AC systems and other one supplies power to 
lighting, pumps and plug loads (office equipment). During energy audit the load 
on each transformer was monitored on LT side and data were logged at 15 
minutes interval. The hourly building load is given in table 5.1 below. 


TableS.l Building hourly load 


Date 

Tlme 

Load ontransformer-l 

Load on transformer-2 

Total load 



(kW) 

(kW) 

(kW) 

09/11/2002 

7:00 

5 

100 

105 

09/11/2002 

8:00 

587 

122 

709 

09/11/2002 

9:00 

594 

234 

828 

09/11/2002 

10:00 

590 

244 

834 

09/11/2002 

11:00 

588 

250 

838 

09/11/2002 

12:00 

595 

252 

847 

09/11/2002 

13:00 

591 

307 

898 

09/11/2002 

14.00 

589 

302 

891 

09/11/2002 

15:00 

591 

302 

893 

09/11/2002 

16:00 

592 

302 

894 

09/11/2002 

17:00 

592 

302 

894 

09/11/2002 

18:00 

4 

124 

128 

09/11/2002 

19:00 

4 

81 

85 

09/11/2002 

20:00 

5 

79 

84 

09/11/2002 

21:00 

5 

77 

82 

09/11/2002 

22:00 

5 

78 

83 

09/11/2002 

23:00 

5 

74 

79 

09/11/2002 

0.00 

5 

74 

79 

09/11/2002 

1:00 

5 

60 

65 

09/11/2002 

2:00 

5 

60 

65 

09/12/2002 

3.00 

5 

61 

66 

09/12/2002 

4:00 

5 

60 

65 

09/12/2002 

5:00 

5 

58 

63 

09/12/2002 

6:00 

5 

60 

65 


The total energy consumption on a typical day is found to be 9440 kWh. 
The daily load profile is shown in figure 5.1. 
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Hourly load protile at National Science Centre 



Hour 


Pigure 5.1 


5.2 Daily Consumption in Air-conditioning Systems 

8y measurement on equipment 

Energy consumption in air-conditioning eqmpment was also measured with the 
help of power multimeter. Since load on plants varies with time the compressor 
load was recorded with the help of data logger. Other equipment e.g. chilled 
water pumps, condenser water pumps, air handling units and cooling towers 
operate at constant load only one reading was taken on each. The measured 
electrical load on various equipment is given in table 5.2 below. 

Table5.2 Operating load ofair-conditioningequ!pment 


Equipment 

Operating load (kW) 

Plant 

342 

CHW putnps 

95 

CDW pumps 

50 

AHUs 

100 

CTs 

14 

FCUs 

4 

Stand alone 

19 

Total 

624 
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Since the air-conditioning systems operates for 10 hrs/day the estimated daily 
consumption in air-conditioning systems comes to 6240 kWh. 

By monitoring on LT side of Transtormer no-1 

The LT side monitoring of Transformer no-1 gives the total load and 
consumption in air-conditioning systems. Hourly load on transformer no-1 is 
given in table 5.3 below. 


Table5.3 Energy consumption in air-conditioningsystems 


Date 

Time 

Loadontransformer-1 

(kW) 

09/11/2002 

7:00 

5 

09/11/2002 

8:00 

587 

09/11/2002 

9:00 

594 

09/11/2002 

10:00 

590 

09/11/2002 

11:00 

588 

09/11/2002 

12:00 

595 

09/11/2002 

13:00 

591 

09/11/2002 

14:00 

589 

09/11/2002 

15:00 

591 

09/11/2002 

16:00 

592 

09/11/2002 

17-00 

592 

09/11/2002 

18.00 

4 

09/11/2002 

19:00 

4 

09/11/2002 

20:00 

5 

09/11/2002 

21:00 

5 

09/11/2002 

22:00 

5 

09/11/2002 

23:00 

5 

09/11/2002 

0:00 

5 

09/11/2002 

1:00 

5 

09/11/2002 

2:00 

5 

09/12/2002 

3:00 

5 

09/12/2002 

4:00 

5 

09/12/2002 

5:00 

5 

09/12/2002 

6:00 

5 


Total energy consumed in centralised air-conditioning system on a typical day in 
air-conditioning systems is 5972 kWh. 


There are two stand alone air-conditioning systems each of 7.5 TR capacity and 
are installed to cool the atrium on level-l. The total load on compressors was 
measured and they were found operating on 19 kW load. Since they also operate 
from 7 AM to 6 PM (for 12-hours/day energy consumed in stand-alone systems 
is calculated to be 228 kWh per day. 
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Hence the total energy consumed in air~conditioning systems worked out to be 
6200 kWh per day. 

5.3 Energy Consumption in Lighting System 

The operating lighting load was estimated on each area both at daytime and 
night-time and it was found that the operating lighting load is shown in table 
5.4. 


Table 5.4 Operating lighting load 


Date 

Time 

Lighting load (kW) 

09/11/2002 

7:00 

81 

09/11/2002 

8:00 

103 

09/11/2002 

9:00 

135 

09/11/2002 

10:00 

135 

09/11/2002 

11:00 

135 

09/11/2002 

12.00 

135 

09/11/2002 

13:00 

135 

09/11/2002 

14-00 

135 

09/11/2002 

15:00 

135 

09/11/2002 

16:00 

135 

09/11/2002 

17:00 

135 

09/11/2002 

18.00 

105 

09/11/2002 

19:00 

81 

09/11/2002 

20:00 

79 

09/11/2002 

21:00 

77 

09/11/2002 

22:00 

78 

09/11/2002 

23:00 

74 

09/11/2002 

0:00 

74 

09/11/2002 

1:00 

60 

09/11/2002 

2.00 

60 

09/12/2002 

3:00 

61 

09/12/2002 

4:00 

60 

09/12/2002 

5:00 

58 

09/12/2002 

6:00 

60 


The total energy consumed in the lighting systems is estimated to be 2326 kWh 
per day. 

5.4 Energy Consumption in Pumping & General Equipment 
(plug load) 

The estimated lighting load and stand alone air-conditioning load are subtracted 
from the hourly load on the transformer no-2 and hourly pumping and plug load 
which is basically the office and display equipment has been calculated as given 
in table 5.5 below. 


TERI Report No 2002IE42 



Energy Audit of Pusat Sains Negara 



Table 5.5 Pumping and plug load 


Date 

Tlme 

Pumping&plug loads 
(kW) 

09/11/2002 

7:00 

0 

09/11/2002 

8-00 

0 

09/11/2002 

9:00 

80 

09/11/2002 

10:00 

90 

09/11/2002 

11:00 

96 

09/11/2002 

12:00 

98 

09/11/2002 

13:00 

153 

09/11/2002 

14:00 

148 

09/11/2002 

15:00 

148 

09/11/2002 

16:00 

148 

09/11/2002 

17.00 

148 

09/11/2002 

18:00 

0 

09/11/2002 

19:00 

0 

09/11/2002 

20:00 

0 

09/11/2002 

21:00 

0 

09/11/2002 

22:00 

0 

09/11/2002 

23:00 

0 

09/11/2002 

0:00 

0 

09/11/2002 

1:00 

0 

09/11/2002 

2:00 

0 

09/12/2002 

3:00 

0 

09/12/2002 

4:00 

0 

09/12/2002 

5:00 

0 

09/12/2002 

6:00 

0 


The total daily consumption in pumping systems and plug loads 
approximately 1109 kWh per day. 

End-use Load Apportioning 


Table 5.6 Pinal end-use load apportioning 


SNo. End-Uses Daily load (kWh) 

1 Air-conditioning (Centralized) 5972 

2 Stand alone ACsystem 228 

3 General Iightmg 2326 

4 General eguipment 1109 


Table5.7 Annual energy consumption 


SNo. 

End-Uses 

Annual load (kWh) 

Percentage (%) 

1 

Air-conditioning (Centralized) 

"" 2095848 

62 ’ 

2 

Stand alone AC system 

67608 

2 

3 

General lighting 

811296 

24 

4 

General equipment 

405648 

12 
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As shown in figure 5.2 the centralised air-conditioning systems consume the 
maximum energy, which is 62% of the total energy consumed in PSN. Lighting 
systems accounts for 24% consumption, pumps and equipment for 12% and 
remaining 2% is consumed in stand-alone air-conditioning system. 



Rgure 5.2 
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6.1 Estimation of Coefficient of Performance (COP) of 
operating air-conditioning system 

The data collected during field survey was properly analysed and the coefficient 
of performance of the operating air-conditioning has been calculated. 


Table 6.1 AHU electrical and heat load 


Level 

AHU 

Total heatload (kW) 

AHU fan blowerload (kW) 

Level-1 

AHU-l.l 

134.748 

10.3 

Level-1 

AHU-1.2 

80,511 

4.2 

Level-1 

AHU-1.3 

100,27 

5.8 

Level-1 

AHU-1.4 

18,245 

1.03 

Level-1 

AHU-1.5 

8.175 

1.94 

Level-1 

AHU-1.6 

50.802 

6.4 

Level-1 

AHU-1.7 

17.621 

1.53 

Level-2 

AHU-2.1 

101.565 

8.7 

Level-2 

AHU-2.2 

175.69 

6 

Level-2 

AHU-2.3 

90.201 

3.9 

Level-2 

AHU-2.4 

160.991 

8 

Level-2 

AHU-2.5 

123.019 

8.5 

Level-3 

AHU-3.1 

9.513 

1.36 

Level-3 

AHU-3.2 

14.972 

1.1 

Level-3 

AHU-3,3 

17.291 

2.07 

Level-3 

AHU-3.4 

34.19 

1.99 

Level-3 

AHU-3,5 

11.381 

1.29 

Level-4 

AHU-4.1 

64.875 

4.1 

Level-4 

AHU-4.2 

53.715 

1.39 

Level-4 

AHU-4.3 

73.512 

2.94 

Level-4 

AHU-4.4 

43.929 

3.3 

Level-4 

AHU-4.5 

57.717 

4.3 


Table 6.2 Air-conditioningelectric load 


SNo 

Parameters 

Load (kW) 

1 

Total buildingheatload 

144^00 

2 

Total chillerload 

342.00 

3 

Coolmgtowertan 

14.00 

4 

Chilled waterpump 

95.00 

5 

Condenserwaterpump 

50.00 

6 

Total AHUs blowertans load 

90.14 
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COP of whole A/C system, 

COP = 1443/(342+14+95+50+90.14)= 1443/591.14 = 2.44 

The COP = 2.44 is slightly lower than the minimum Malaysian Standard rating 
which is 2.9 for the installed A/C system. 

If the same air conditioning system is to be operated at minimum recommended 
rating, there exists an energy saving potential of 336960 kWh per year, which 
would lead to the annual cost savings of RM 77500 annually. 

6.2 Energy conservation in Air-conditioning System 

Pollowing steps are recommended to be implemented to achieve the above 
projected saving in air-conditioning system 

■ Switching off one cooiing tower fan in one of the two running cooling 
towers with four fans. 

■ Avoid the throttling in condenser water line and allow the condenser water 
to ilow through chillers. Measure the power consumption of the 
condenser pumps to take equal power of two pumps. 

■ Evaluate the specihc power consumption (kW/TR) after increasing the 
condenser water flow rate through chillers. 

■ Optimise the condenser water flow rate for operating TR by switching off 
one of the condenser pumps/control the flow rate by installing Yariable 
Speed Drive (VSD) 

■ Optimise chilled water flow rates as per the requirement by installing the 
VSD to chilled water pumps 

Switch-off one cooling tower fan 

During the normal operation two chillers and two cooling towers with four fans 
are in operation. The installed cooling towers are of 400 TR cooling capacity. As 
per the design to generate 320 TR rehigeration capacity from one chiller, 
required heat rejection rate at cooling tower is 400 TR. 

The design cooling tower water flow rate is 1374 USGPM (86.6 Ips), where as 
design condenser water flow rate from the condenser is 64.6 Ips with higher 
temperature difference to achieve rated cooling capacity. 
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Estimated condenser side heat rejection rate is 490 -520 TR, same heat has to 
be rejected from the cooling towers. Total operating capacity of the cooling 
towers is 800 TR (from 2No.s) for the heat rejection rate of 490 -520 TR. It 
shows present cooling towers are rejecting 65% of the rated capacity. Each 
cooling tower has two fans. By operating one fan above 50% of cooling load 
(200TR) can be rejected from one cooling tower. For the present load of 490 - 
520 TR three fans in two cooling towers are sufficient. 

In the refrigeration systems to maintain lower cooling water temperatures, it is 
suggested that three cooling tower fans can take load instead of four cooling 
tower fans since nearly 100 TR cooling capacity extra is available in the present 
cooling towers. 

It is recommended to operate three cooling tower fans in two cooling towers, to 
maintain same outlet cooling water temperature. By monitoring cooling water 
inlet / outlet temperatures, trial runs can be carried out with three and four 
cooling tower fan in operation for justihcation. 

Power consumption of cooling tower fan 
Number of hours CT fan can be switched off 
Annual energy savings 
Annual cost savings (@ RM 0.23 per kWh) 

Investment required 
Simple payback period 

Optimise condenser water flow rate 

The measured condenser water flow rate through each chiller is 31.2 Ips which is 
very less (half of the design requirement). It is observed that both the condenser 
pumps, which are in operation, are not drawing equal power while in parallel 
operation. With different combination of condenser pumps in operation, one 
pump is drawing 16 kW where as other pump is drawing 33 kW. At the same 
time discharge from the same pumps is 15.2 Ips and 47.2 Ips respectively. 

Eor the present chillers operating load, heat rejection from the individual 
chillers is as follows: 


3.6 kW 
3600 per year 
12,960 kWh 
RM 2980 
Nil 

Immediate 
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Table 6.1 Cooling produced by the chiliers 


Inlet/outlet Heatrejection 

Chillers Jemperature difference (°C) rate(TR) 

Chiller no-l & no-2 are in operation 

Chiller#! 7.0 260 

Chiller#2 6.8 253 

Chiller no-2 & no-3 are in operation 

Chiller#2 6.8 253 

Chil!er#3 6.5 241 


Each condenser unit is designed for 400 TR capacity, where as present 
operating load is much less than the design. Where as the design condenser 
water flow rate is 64.6 Ips with inlet/outlet temperature difference of 5.2 (oC) to 
get rated capacity. Due to lower condenser water quantity, inlet/outlet 
temperature difference for lower load is much higher than design value. The 
lower condenser water flow rate is mainly due to valves throttling at cooling 
towers. 

At higher condenser water temperatures, for the given load (TR) refrigerant 
operating pressures are high. For higher-pressure, work done by the compressor 
motor and power consumption is also higher. To reduce the operating pressures 
sufficient condenser water should be passed to keep the inlet/outlet temperature 
difference with in 5 °C. 

The present chillers operating specihc power consumption is 0.8 - 0.85 kW/TR 
as against the design values of 0.57 kW/TR. It is mainly due to insufficient 
condenser cooling water flow rate. 

It is recommended to balance the condenser water flow rate through each chiller 
and bring the inlet/outlet temperature difference below 5 oc. By implementing 
this measure, specihc power consumption of the chillers will come down. At the 
same time power consumption of the condenser pumps will increase from 49 
kW to nearly 60 kW (two pumps full load) for increased flow rate. 

Present operating refrigeration load 
Present sp. power consumption 
After increasing condenser water flow 
sp. power consumption 
Reduction in power consumption 

Realisable savings (80% of estimate) 


401TR 
0.8kW/TR 

0.57kW/TR 

401 * ( 0.8 - 0 . 57 ) 

92.2 kW 
92.2X0.8 
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Additional pumping power consumption 

Net energy savings 

Annual operating hours 

Annual energy savings 

Annual cost savings (@ RM 0.23 per kWh) 

Investment required 

Simple payback period 


73.8 kW 
11 kW 

62.8 kW 
3600 per year 
226,080 kWh 
RM 51,998/- 
Marginal 
Immediate 


It is recommended to install two variable speed drives (VSD) to condenser water 
pumps for reducing the pumping power. Aiter avoiding the throttling at 
condenser circuit Aow rate from each pump will be around 64.6 Ips, which is 
higher for the present refrigeration load of 401-429 TR. The required condenser 
water flow rate from the individual pumps is around 36 Ips. By installing the 
VSD and reducing the pump speed to by 20% of the rated speed, required head 
and flow rates could be achievable. 


Number of condenser pumps in operation 
Power consumption of individual condenser pump 
After eliminating the throttling 
Power consumption of Pumps 
(at 20% of the rated speed) 

Net power savings from two pumps 

Annual operating hours 

Annual energy savings 

Annual cost savings (@ RM 0.23 per kWh) 

Investment required (for two VSDs) 

Simple payback period 


2 nos. 

30 kW (each) 

18 kW (each) 

60 - 36= 24 kW 
3600 per year 
86, 400 kWh 
RM 19,872/- 
RM 33,000 
20 months 


Note: After eliminating the present throttle condition, trial run should be carried out with one 
condenser pump for two chillers. One pump may deliver 65 - 70 Ips flow rate depending 
upon condenser water system characteristic curve. At the same time condenser water 
flow rate should be monitored. If the required flow rate is achieved than investment for 
VSD can be neglected. 


Avoid throttling in chilled water circuit 

The measured chilled water flow rate from individual chilled water pumps is 
34.7 Ips and power consumption of both the operating pumps is around 47 kW. 
The design chilled water flow rate for rated capacity (320TR) is 48 Ips. The 
measured chilled water flow rate in circuit is 72% of design capacity. Atlevel -4 
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AHUs (last point) chilled water inlet pressure is 2.5 kg/cm^ which is very high, it 
shows chilled water circuit flow rates are controlled (throttled). It is mainly due 
to two-ways valves, which are installed near the AHUs. These two -ways create 
higher system resistance, by passing only the required chilled through each 
AHU. As per the heat load and number of AHUs in operation chilled water flow 
rate varies. In the present chilled water circuit variation in the chilled water Aow 
rate is around 10% of the present flow rate. But the maximum chilled water flow 
required is nearly 80% of chilled water pump capacity. 


It is recommended to install two variable speed drives (VSDs) for three chilled 
water pumps and operate the two running pumps at same speed as per the 
requirement. It is very important to maintain chilled water inlet pressure (1.0 
kg/cm^) at level -4 AHUs. To control chilled water pumps speed, feed back 
signal should be taken from the level -4 AHUs. The possible speed reduction is 
20% of the rated chilled water pumps speed for the present refrigeration load. 


Number of chilled water pumps in operation : 

Power consumption of individual chilled water pump: 
Power consumption of chilled water Pumps 
(at 20% of the rated speed) : 

Net power savings from two chilled water pumps : 
Annual operating hours : 

Annual energy savings : 

Annual cost savings (@ RM 0.23 per kWh) : 

Investment required (for two VSDs) : 

Simple payback period : 


2 nos. 

47.5 kW (each) 

29 kW (each) 
95-58 =37kW 
3600 per year 
133, 200 kWh 
RM 30,636/- 
RM 45, 000 

1.5 years 


Install Variable Speed Drive on temporary gallery AHU fan 

In the temporary gallery sometimes few shows are organised, other wise space is 
not completely occupied. The connected AHU (2.4) is designed taking into 
consideration more number of people. The present heat load without these 
shows is around 45 TR, which is 55% of the rated AHU capacity. By reducing the 
airflow rate from the AHU same TR can be achievable. The power consumption 
of the AHU is more compared to other AHUs. 

It is recommended to install variable speed drive (VSD) and reduce the AHU fan 
speed, to reduce the airflow rate. During the normal operation, AHU can be 
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operated at 30% of the rated speed. During the temporary shows AHU fan can 
be operated at full speed. 


Power consumption of temporary gallery AHU (2.4): 
Power consumption of AHU 

(at 30% of the rated speed) : 

Net power savings by operating at lower speed : 
Annual operating hours with out shows : 

Annual energy savings : 

Annual cost savings (@ RM 0.23 per kWh) : 

Investment required (for one VSD) : 

Simple payback period : 


8.0 kW 
3.8 kW 

8 -3.8 = 4.2 kW 
3000 per year 
12600 kWh 
RM 2898 
RM 6,000 
2.2 years 
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Chilled water flow measurement 

.3 Energy Conservation in Lighting System 

Reduction in energy consumption in lighting systems is possible mainly due to 
two conservation measures. 


Option-1 Either replace all the convention ballast which are currently in use in 
iluoreseent fixtures with electronic choke or replace 36-W monophosphor 
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Auorescent lamps with efficient T-5 lamp and in 18-W Auorescent lamp replace 
conventional cholce with electronic choke. 

Option-2 Install energy saving device (step-down transformer) on external 
lighting system and operate them at reduced voltage (200 Volts). 

Replace conventional baKast with electronic ballast in tluorescent lamps 
used for display lighting 

The Auorescent lamp has a negative resistance characteristics and therefore it is 
always operated in conjunction with a current limiting device (or ballast) to 
prevent current runaway. The commonly used ballasts, which have a positive 
resistance characteristic, are a choke or inductor and an electronic circuit. 

An inductor or choke is the most widely used ballasts for normal AC 
applications. It consists of a large number of windings of copper wire on a 
laminated iron core. Heat losses, which occur through the ohmic resistance of 
the windings, depend on the mechanical construction of the ballast and the 
diameter of the copper wire. Approximately 10 W power loss takes place in 
choke. 

Electronic ballasts are more expensive as compared to copper chokes but they 
offer important advantage over conventional chokes, such as: improved lamp 
and system efficiency, no Aickering, instant starting without a separate starter, 
increased lamp life, excellent light-regulation possibilities, no need for power 
factor correction etc. Power loss in electronic ballasts is approximately 3 W and 
they are an excellent replacement to copper chokes in fluorescent lamp fixtures. 


Power loss in conventional ballast 

10 W 

Power loss in electronic ballast 

3 W 

Energy saved per lamp 

7W 

No. of lamps 

610 

Total reduction in load 

4.270 kW 

Total annual operating hours 

8640 

Total energy saving potential 

36893 kWh 

Total saving of energy cost (@ 0.23 RM/kWh) 

RM7595 

Initial investment required (@ 32 RM/choke) 

RM 17472 

Simple payback period 

2.3 years 


5« Detailed calculation is shown in table-1 of Appendlx-2: Llghting system 


TERI Report No. 2002IE42 




Energy Audit at Pusat Sains Negara 


39 


Reptace comentiona! ballast with electronic ballast in tluorescent 


fixtures used for general and task lighting 

Power loss in conventional ballast : 10 W 

Power loss in electronic ballast : 3 w 

Energy saved per lamp : 7 W 

No. of lamps : 1068 

Total reduction in load : 7.476 kW 

Total annual operating hours : 4320 

Total energy saving potential : 32296 kWh 

Total saving of energy cost (@ 0.23 RM/kWh) : RM 7428 

Initial investment required (@ 32 RM/choke) : RM 34176 

Simple payback period : 4.6 years 


X Detailed calculation is shown in table-2 of Appendix-2' Lighting system 

Replace 36-W tluorescent lamp with T-5 lamp in ditterent areas where 
and replace copper choke with electronic choke in 18-W tluorescent 
lamps 

The huorescent lamp is low-pressure mercury discharge lamps in which light is 
produced predominantly by Auorescent powders activated by the ultra-violet 
rays of the discharge. The lamp in the form of a long tubular bulb with an 
electrode sealed into each end, contains mercury vapour at low pressure with a 
small amount of inert gas for starting and are regulation. The inner surface of 
the bulb is coated with a Auorescent powder or phosphor the composition of 
which determines the quantity and colour of the light emitted. Eluorescent 
lamps are available in three forms. 

1. StandardJluorescent lamps - They are 40 W lamps with a diameter of 
38 mm. Their lumen output varies between 2450 to 2270 and colour 
temperature from warm water (4300 K) to cool daylight (6500). They are 
also available for 20 W and 80 W. 

2. Slimfluorescent lamp - Their diameter is of 26 mm and wattage 36W. 
Lumen output of monophosphor lamps is 2450 and colour temperature 
6500 K (cool daylight). They are also available for 18 W. higher efficiency 
slim Auorescent lamps. They are of 18 W and 36 W and manufactured in 
three different 'colours. Warm (2700 K), bright white (4000) and cool 
daylight (6500 K). Triphosphor lamps use highly sophisticated tri- 
phosphor fluorescent powder technology and offer excellent colour 
rendering properties (Ra=85). Their high luminous efficacy (more than 
30% of the standard 40 W Auorescent lamp) saves initial system cost 
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anntial operating cost and reduces air conditioning load while the high 
lumen output lead to better lighting condition. 

3 . T-5 lamps - T-5 lamps are tluorescent lamps with a diameter of 16 mm, 

which is 40% thinner than the diameter of existing slim Auorescent lamps, 
They are designed for higher efficacy and system miniaturisation. The tri- 
phosphorous layer in combination with pre-coating and lamp load add up 
to a high efficacy (lumen output of 28 W lamp is around 2900 lumens). 
They are available in 14 W and 28 W and have colour range from 
incandescent light (2700 K) to cool daylight (6500 K). The daylight life of 
T -5 lamp is also very long around 18000 hrs as compared to 8000 hrs 
standard fluorescent lamps. 

Saving potential due to replacement of 36 -W duorescent lamp with T-5 


Energy consumed in 36 W duorescent lamp 

with conventional ballast : 46 W 

Energy consumed in T-5 duorescent lamp : 28 W 

Energy saved per lamp : 18 W 

No. of lamps : 948 

Total reduction in load : 17.064 kW 

Total energy saving potential : 95956 kWh 

Total saving of energy cost (@ 0.23 RM/kWh) : RM 22070 

Initial investment required (@ 52 RM/T -5 lamp) : RM 49296 

Simple payback period : 2.23years 


X Detailed calculation is shown in table-3 of Appendix-2- Lighting system 

Saving potential due to replacement of copper choke in 18 -W Auorescent lamp 
with electronic choke 


Power loss in conventional ballast : 10 W 

Power loss in electronic ballast : 3 W 

Energy saved per lamp : 7 w 

No. of 18-Wlamps : 730 

Total reduction in load : 5 . 11 EW 

Total energy saving potential : 31873 kWh 

Total saving of energy cost (@ 0.23 RM/kWh) : RM 7331 

Initial investment required (@ 32 RM/choke) : RM 23360 

Simple payback period : 3 . 2 years 
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Detailed calculation is shown in table-4 of Appendix-2; Lighting system 

Operate external lighting system at reduced voltage 

, By using suitable energy saving device (popularly known as P-20 and 
, manufactured by Beblec, India limited) it is possible to operate the entire 
external lighting circuit at 200 Volts instead of 230 Volts. Device puts 
impedance across the circuit in such a manner to reduce the current. The device 
so carefully designed to ensure that any reduction in voltage does not impair the 
ability of the luminaire to strike. Device works very effectively and efficiently on 
all the discharge lamps and does not have any impact on the power factor. A 
conservative estimate shows that a saving of 20% can easily be achieved by using 


this device. 

The load on external lighting circuit at230volts : 16.5 kW 

Power factor on this circuit : 0.8 

Operating load in KVA : 20.625 

A device of 22.5 KVA is recommended 

Load after putting the device (20% reduction) : 13.2 kW 

Reduction in kW : 3.3 kW 

Total operating hours per year ; 4380 

Total energy saving potential : 14454 kWh 

Total cost saving : RM 3324 

Initial cost of the device : RM 4000 

Payback period : 1.2years 


6.4 Energy Saving Due to Demand Side AAanagement 

Transformers 

Electric power to Pusat Sains Negara is supplied by Tenaga Nasional Berhad at 
llkV. This is stepped down to 415 V through two distribution transformers and 
supplied to different load centers in the building. The details of the 
transformers, along with their designed losses are shown in Table 6.2. All air- 
conditioning loads are connected to transformer no.l (2500 kVA) while lighting 
and other loads are connected to transformer no. 2 (2000 kVA). Both the 
transformers remain on load under normal running conditions. An analysis of 
transformer loading and efficiency was carried out, the details of which is given 
below. 
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Table 6.2 Design details of transtormers 


Capacity 

,Transformer 
Transformer#l 2500 

Tran.sfnrmer#2 2000 


Voltag6 ratio 

m 

11/0.4 

11/0.4 


Designed losses (kW) 

No load loss Load loss 

4.61 16.84 

4.18 _ 14.76 


Load for maximum efficiency 
(kVA) 

1308 

1064 _ 


Transiormer Loading 

Hourly variations of LT voltage, current and power factor were recorded for a 
day on both the transformers to study their loading pattern. From the table 6.3, 
it can be seen that loading on the transformer no.l is as low as 42 kVA (1.7% of 
rated capacity i.e. 2500 kVA) and maximuni upto 640 kVA (25.6% of rated 
capacity). Similarly minimum loading on the transformer no.2 is 60 kVA (3% of 
the rated capacity i.e.2000 kVA) and maximum loading is 323 kVA (16% of the 
rated capacity). The hourly loading of both the transformers is show in Pigure 
6.1 It can be observed from the tigure that loading does not change much on 
hoth the transformers during daytime. However, during nighttime, there is no 
load on transformer no.l (only charging current) and transformer no. 2 is loaded 
in the range of 3 to 4.3% of the rated capacity. 


Table6.3 Loadingandlossesoftransformets(ll/12-09-2002) 




Current (Amps) 


Loading (kVA) 


iron loss (kW) 

CoDoer loss (kW) Total losses (kVil) 

Tlme (Hrs) 


T1 

T2 

T1 

T2 

T1 

T2 

T1 

T2 

T1 


07‘00 


411 

160 

297 

118 

4.61 

4.18 

0,237 

0.05 

4.85 

4.24 

08:00 


877 

191 

631 

139 

4.61 

4,18 

1.074 

0.07 

5.68 

4.26 

09:00 


876 

339 

639 

246 

4.61 

4.18 

1.099 

0.22 

5.71 

4,4! 

10,00 


878 

352 

634 

257 

4.61 

4.18 

1.085 

0.24 

5.69 

4,43 

11:00 


881 

364 

632 

263 

4.61 

4.18 

1.077 

0.26 

5.69 

4.44 

12:00 


876 

366 

640 

263 

4.61 

4.18 

1.103 

0.25 

5.71 

4,44 

13:00 


880 

448 

635 

323 

4.61 

4.18 

1.088 

0,39 

5.70 

4,51 

14:00 


877 

443 

633 

318 

4.61 

4.18 

1.081 

0.37 

5.69 

4,56 

15:00 


877 

441 

635 

315 

4,61 

4.18 

1.088 

0.37 

5.70 

4,55 

16:00 


878 

435 

637 

318 

4.61 

4,18 

1.092 

0.37 

5,70 

4,56 

17:00 


878 

435 

637 

318 

4.61 

4.18 

1.092 

0.37 

5.70 

4.56 

18:00 


61 

180 

44 

132 

4.61 

4.18 

0.005 

0.06 

4.61 


19:00 


61 

118 

44 

85 

4.61 

4.18 

0.005 

0.03 

4.61 

4.21 

20:00 


61 

117 

42 

84 

4.61 

4.18 

0.005 

0.03 

4.61 

4,21 

21:00 


62 

116 

42 

85 

4.61 

4.18 

0,005 

0,03 

4.61 

4,2! 

22:00 


61 

116 

42 

85 

4.61 

4.18 

0.005 

0.03 

4.61 

4,21 

23:00 


62 

110 

42 

80 

4.61 

4.18 

0.005 

0.02 

4.61 

4,21 

00:00 


60 

109 

42 

80 

4.61 

4.18 

0.005 

0,02 

4.61 

4.21 

01:00 


61 

85 

42 

62 

4.61 

4.18 

0,005 

0.01 

4.61 

4.20; 

02:00 


62 

86 

42 

62 

4,61 

4.18 

0.005 

0.01 

4.61 

4.20} 

03.00 


62 

86 

42 

63 

4.61 

4,18 

0.005 

0.01 

4.61 

4.2flf 

04:00 


61 

84 

42 

63 

4.61 

4.18 

0.005 

0.01 

4.61 
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Current (Amps) 


Loading (kVA) 


Iron loss(kW) 

Copperloss(kW) 

Total losses (kW) 

Time (Hrs) 

T1 

T2 

T1 

T2 

T1 

T2 

T1 

T2 

T1 T2 

05:00 

61 

83 

42 

60 

4.61 

4.18 

0.005 

0.01 

4,61 4,20 

06:00 

60 

87 

42 

63 

4.61 

4.18 

0.005 

0.01 

4.61 4.20 


121.91 103.7 
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are presented in Table6.3. As could be seen froin table average total losses of 
the transformers in a day is approximately 122 kW and 104 kW respectively. 

Transtormer Efficiency 

It can be calculated from the design parameters of the transformers that both 
the transformers have been designed to have their peak efficiency at 52% (1308 
kVA for trf-l and 1064 for trf-2)) of the rated load. Assuming the power factor 
as 0.93 lagging, the maximum efficiency works out to be 99.2%. Loading the 
transformers in excess or below the load for maximum efficiency would result in 
a drop in the efficiency. The efficiency variation at the minimum and maximum 
loads works out to be89.35% to 99.05% for transformer No.l and 93.0% to 
98.5% for transformer No.2. 


Energy Conservation Option 

Loading the transformers in excess or below the load for their maximum 
efficiency levels would result in drop in operating efficiency of the transformers, 
consequently resulting in wastage of electrical energy. Since the peak load on 
both the transformers is well below their load for maximum efficiency, a load 
management exercise was carried out to transfer the entire load of the building 
on one transformer with other transformer out off (de-energized from HT side) 
and after a period, say one month, load should be shifted to standby transformer 
with other put off. It was analyzed that with this exercise, there would be a 
reduction of 92 kW in losses for a day, which will translate into a saving of 
33350 kWh per year. This in monetary terms would be about RM 7670 per year. 
This scheme would not reqmre any investment since no cabling arrangement is 
required to feed all loads from one transformer, thus resulting in immediate 
payback. Achievable saving with load transfer is summarized in table 6.4. 
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7.1 Building Energy lndex 


1. Total energy consumption before implementation of energy conservation 

measures : 3380400 kWh 

2. Total built-up area : 21756 

3. Building energy index before implementation of energy conservation 

measures : 155 kWh/ m^-yr 


4. Total energy consumption after implementation of energy conservation 
measures : 2733527 kWh 


5. Building energy index after implementation of energy conservation 
measures : 125 kWh/ m^-yr 


(A total energy saving potential of approximately 19% is existing at Pusat Sains 
Negara) 

7.2 Lighting Energy lndex (LEI) 

1. Total energy consumption in lighting before implementation of energy 


conservation measures 


811296 kWh 


2. Lighting energy index before implementation of energy conservation 
measures : 37 kWh/ m^-yr 


3. Total energy consumption in lighting after implementation of energy 
conservation measures : 669013 kWh 


4. Lighting energy index after implementation of energy conservation 
measures • 3 lkWh/m^-yr 
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7.2 Air-conditioning Energy lndex (AEI) 

1. Total energy consumption in lighting before implementation of energy 

conservation measures : 2163456 kWh 

2. Air-conditioning energy index before implementation of energy 

conservation measures : 99 kWh/ m^-yr 

3. Total energy consumption in air-conditioning after implementation of 

energy cons ervation measures : 1692216 kWh 

4. Air-conditioning energy index after implementation of energy 

conservation measures ; 78 kWh/ m^-yr 
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Summary of Recommendations and 
[mplementation Strategy 


8.1 Summary of Recommendations 

The energy audit of Pusat Sains Negara has identified eight energy saving 
measures. Implementing these measures would help save total energy cost by 
about 18.5 %, which corresponds to a monetary value of RM 145798 per year. 
The estimated budget cost of installing these measures is RM I 60650 with 
simple payback period of just 1.1 years. Detailed summary of all the 
recommended energy saving measures is given in Appendix A. 

By implementing all recommended energy saving measures, the BEI would be 
reduced from 155 kWh/m^/year costing RM 35.65/m2/year to 125 
kWh/mVyear costing RM 28.75/m2/year. 

8.2 Implementation Strategy 

For achieving the best results of this study it is recommended that aU energy 
saving measures should be planned in one phase of implementation program. 
However, if it is found difficult to mobilise the required resources mainly 
economical and skills, measures that have immediate payback should be 
implemented first then measures those have shorter payback should be 
implemented. Savings achieved by the implementation of these measures should 
be used as monetary support for the implementation of those who have got little 
longer payback. 

Since no sub-meters are installed at PSN to record the end-use consumption. 
Therefor it is recommended to either install sub-meters at various points e.g. at 
LT sides of transformers, near plant, pumps and outdoor lighting feeder or 
sensors should be installed at these points and later connected to the installed 
building automation system (BAS) for monitoring electrical parameters at 
various points. Our preference is later since it will record more data and can 
generate report by itself. By installing this, client could establish the current 
consumption baseline and identify future energy savings resulted from the 
implementations of various energy saving measures. 
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Pollowing ontside support mainly from consultant and manufacturers is 
recommended to the client during course of implementation of recommended 
energy saving measures. 

• In the design and preparation of both financial & technical speciiications for 
a particular measure. 

• In the selection of contractors and in supervision during implementation 

• In monitoring and verification which would certiiy the success of 
implementation of energy conservation measures 

• In the preparation of technical reports which could be later discussed and 
referred for future action. 
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Energy Audit AAeasurement 
Equipment 


9.1 Instruments used in Energy Audit 

During field measurement phase of energy audit measurement was carried out 
on almost all equipment installed in various energy systems. A lot of field data 
were collected with the help of various instruments used in carrying out 
measurement. A brief description of each instrument is given below. 

Digital air pressure differential meter 


Make 

Measured parameter 

Range 

Accuracy 

Last calibration date 


Comark (UK) 

Fan static in AHUs 
-5 PSI to 5 PSI 
-0.2 to 0.2% 

April 2002 



Digital water pressure differential meter 


Make : 

Measured parameter : 


Range : 

Accuracy : 

Last calibration date : 


Comark (UK) 

Pump head, pressure 
drop across evaporator, 
pressure drop across 
condenser, pressure drop 
across chilled water coil 
-100 PSI to 100 PSI 
-0.2 to 0.2% 

H^hApril 2002 
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Digital air flow meter 


Make : 

Measured parameter : 


Range 

Accuracy 

Last calibration date 


Air Flow (UK) 

Air velocity in air handling 
units, cooling towers, 
exhausts and fresh air 
systems 
0 to 30 m/s 
-1 to 1 % 

July 2002 



Portatlow digital nonintrusive transit time water flow meter 


Make : 

Measured parameter : 

Range 

Accuracy 

Last calibration date 


Micronics (UK) 

Water Aow in chilled water 
line and condenser line 
0.5 m/s to 12 m/s 
-3 to 3% 

10*^ August 2002 



Digital non-intrusive type Doppler water flow meter 


Make : 

Measured parameter : 

Range 

Accuracy 

Last calibration date 


Peek (USA) 

Sewage flow in sewage line 
and water fLow in 
raw water line 
0.02 m/s to 10 m/s 
-2 to 2 % 

19 th November 2001 
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Lux meter 


Make : 

Measured parameter : 

Range 

Accuracy 

Last calibration date 


Digital thermometer 

Make : 

Measured parameter : 

Range 

Accuracy 

Last calibration date 


LX-101 (Taiwan) 
Illumination levels on 
different work planes 
0 to 50,000 lux 
-4to4% 

4^*' May 2002 


Eutech (USA) 

Water temperature up to 
one decimal place 
0 to 450 “ C 
-1 to + 1 % 

12^^ December 2001 




Single Si three-phase digital power multimeter 


Make : 

Measured parameter : 


Range 

Accuracy 

Last calibration date 


Eluke (USA) 

Electrical parameters like 
V, I, PF, kW, and KVA at 
smaller electrical loads 
1 to 500 amps 
-0.5 to 0.5% 

August 2002 
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Three phase digital power multimeter 


Make 

Measured parameter ; 


Range 

Accuracy 

Last calibration date 


Circutor (Spain) 
Electrical parameters like 
V, I, PF, kW, and KVA of 
electrical loads 
2 to 2000 amps 
-0.5 to 0.5 % 

21®^ December 2001 



Digital thermohygrometer 


Make : 

Airflow (UK) 


Measured parameter : 

Dry bulb temperature and 



RH of air 


Range 

-20-60 °C/1- 99% RH 


Accuracy : 

-1 to +1% 

«cr^, I 

Last calibration date : 

7^^ September 2002 



Analog motor checker 


Make : 

Measured parameter : 

Last calibration date : 


EMC (USA) 

Resistance, inductance and 

insulation 

12* October 2001 
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hJon contact digital tachometer 


Make 

Measured parameter 

Range 

Accuracy 

Last calibration date 


DT 2001 B (India) 
Motor and fan rpm 
0 to 4000 rpm 
-0.01 to +0.01% 

14 th November 2001 



Temperature data logger 


Make 

Measured parameter 

Range 

Accuracy 

Last calibration date 


Datataker-50 (Australia) 
Water and air temperature 
-20 to 1200 °C 
-0.05 to 0.05% 

8^'^ August 2002 



Temperature indicator 


Make 

Measured parameter 

Range 

Accuracy 

Last calibration date 


Barant“90 (USA) 

Water & air temperature 
0 to 1100 ° C 
-1 to +1% 

8* August 2002 
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Appendix A 

Energy Saving Measures 






Summaty of energy saving measures 


S Recommendations 
No. 


Air-conditioning 


1 

Switch off one coolingtowertan during normal 
operation 

12960 

2980 

2 

Optimise condenser water flow to get a temperature 
drop of 5 ° C across chiller 

226080 

51998 

3 

Install variable frequency drives on condenser pumps 

86400 

19872 

4 

Install vanable frequency drive on chilled water pumps 

133200 

30636 

5 

Install variable speed dnve on temporary gallery AHU 

fan motor 

12600 

2898 


Marginal 


Immediate 


Immediate 



r Replace conventional ballast in fluorescentfixtures 

69189 

15023 

1 51650 


6B Replace 36-W tluorescent lamps with T-5 lamps and 
copper ballast in 18-W lamp with electronic ballast 


Operate outdoor lighting at 200 Volts dunng night by 
installing energy saving device on outdoor lightmg 
feeder 


Electrical system 


8 Transfertheentire buildingloadon onetranstormerat 
a time and shut down the other one 


Total All the measures are short term measures with a 

payback period less than 3 years (we recommend 6b 
over 6a) 


Percentageoftotal buildingenergy consumption saved 
by recommended measures 


127829 

29400 

72650 

14454 

3324 

4000 


145798 160650 


Immediate 












































Appendix B 

Building Description 






Level 


Levell Matenal 


S-WALL 


Rbre 

remtorced 

cement 


Dark grey 


110.3 


18 mm 


Shaded 


SW-WALL 


Rbre 

reintorced 

cement 


Dark grey 


110.3 


18 mm 


N 

sl 


W-WALL 


Open to 
annexe 



Entrance 
has an 
annexe 



Thereis no windowon level-l exteriorwall 


Doors I Doors Doors Doors 


Close 



Shading 


Area 


SC 


Overhang 


Blinds 


Side 

reveals 




Comments 


There is no 


There is no 


N-WALL 


Rbre 

reintorced 

cement 


Dark grey 


90,9 


18 mm 


Not 

shaded 


Windows 


Alumimum 

frame 


No 


6 


0.439 


No 


Yes 


No 


windowon level-2 exteriorwall 


door on level-2 exterior wall 


NE-WALL 


Rbre 

reintorced 

cement 


Dark grey 


90.9 


18 mm 


N 

sl 


Windows 


Alummium 

frame 


No 


42 


0.439 


No 


Yes 


No 


E-WALL 


Rbre 

reinforced 

cement 


90,9 


18 mm 


Not 

shaded 


SE-WALL 


Rbre 

reinforced 

cement 


Dark grey 


90.9 


18 mm 


N 

sl 


S-WALL 


Rbre 

reinforced 

cement 


Dark grey 


90.9 


18 mm 


Not 

shaded 


Wmdows 


SW-WALL 


Rbre 

reinforced 

cement 


Dark grey 


90.9 


18 mm 


Not 

shaded 


Windows 


W-WALL 


Rbre 

reinforced 

cement 


Dark grey 


90.9 


18 mm 


N 

sl 


Windows 


NW-WALL 


Rbre 

reinforced 

cement 


Dark grey 


110.3 


18 mm 


Not 

shaded 



N-WALL 

NE-WALL 

E-WALL 

SE-WALL 

S-WALL 

SW-WALL 

W-WALL 

Rbre 

Rbre 

Rbre 

Rbre 

Rbre 

Rbre 

Rbre 

reinforced 

reinforced 

reinforced 

reinforced 

reintorced 

reinforced 

reinforced 

cement 

cement 

cement 

cement 

cement 

cement 

cement 

Dark grey 

Dark grey 

Dark grey 

Dark grey 

Dark grey 

Dark grey 

Dark grey 

177.4 

177.4 

177.4 

177.4 

177.4 

177,4 

177.4 

18 mm 

18 mm 

18 mm 

18 mm 

18 mm 

18 mm 

18 mm 

Shaded 

Shaded 

Shaded 

Shaded 

Shaded 

Shaded 

Shaded 



NW-WALL 


Rbre 

reinforced 

cement 


Dark grey 


177.4 


18 mm 


Shaded 


NW-WALL 


Rbre 

remforced 

cement 


Dark grey 


90.9 


N 

sl 


Windows 






























































































































































































































































































































ChillerPlant 
BAS centre 
Electrical workshop 
Mechanical workshop 
Carpentry workshop 
Store 
Annexe 
Apuanum 

Environmental odyssey 
Spidergallery 
Pathways to science 
Pathways to discovery 
Children exploration centre 
Buddingscientist 


Temporarygallery 
Puture world 
Thinkingmachine 
Malaysiantechnology 


Offices 

Library 

VIP room 

Auditonum-1 

Auditonum-2 

Conterence 


Multipurposehall 
Canteen 
Pantry 
Prayer room 


Operation Hours iTotalbuilt-up areajConditionedarea |No. ofoccupants 


7:00 AMto 5:00 PM 6756 
7:00 AMto 5:00 PM 
9:00 AMto 5-00 PM 
9:00 AMto 5:00 PM 
9:00 AMto 5:00 PM 
Closed 

9.00 AMto 5:00 PM 
9:00 AMto 5-00 PM 
9:00 AMto 5:00 PM 
9:00 AMto 5:00 PM 
9:00 AMto 5:00 PM 
9:00 AMto 5:00 PM 
9:00 AMto 5:00 PM 
9:00 AMto 5:00 PM 


9:00 AMto 5:00 PM 5517 
9:00 AMto 5:00 PM 
9:00 AMto 5:00 PM 
9:00 AMto 5.00 PM 


9:00 AMto 5:00 PM 4550 
9:00 AMto 5:00 PM 
9:00 AM to 5:00 PM 
as pertunction 
as perfunction 
as perscheduled 
meebngs 


asperfunction 1690 
9:00 AM to 5:00 PM 
9:00 AMto 5:00 PM 
as per prayer 

































Level Location _ Eguipment _ 

1 Chillerplantroom Chillers _ 


Chilled waterpumps 


Systems 


Operation hour 


Atrium 


AHU room 


Condenserwaterpumps 


|stand alone acsystem 


|AHU-1.1_ 


AHU-1.2 


AHU-1.5 


AHU-1.6 


AHU-1.7 


AHU-2.1 


AHU-2.2 


AHU-2.3 


AHU-2.4 


AHU-2.5 


AHU-2.6 


AHU-3.1 


AHU-3.2 


AHU-3.3 


AHU-3.4 


AHU-3.5 


Coolingtowers 


AHU-4.1 


AHU-4.2 


AHU-4.3 


AHU-4.4 


AHU-4.5 


AHU-4.6 


7:00 to 

17.00 

7:00 to 

17.00 

7-00 to 

17:00 

7:00 to 

17:00 

7:00 to 

17.00 

7:00 to 

17:00 

7:00 to 

17’00 

7:00 to 

17'00 

7:00 to 

17:00 

7:00 to 

17:00 

7:00 to 

17:00 

7:00 to 

17:00 

7:00 to 

17:00 

7:00 to 

17:00 

7:00 to 

17-00 

7:00 to 

17:00 

7:00 to 

17.00 

7:00 to 

17:00 

7:00 to 

17:00 

7:00 to 

17:00 

7:00 to 

17.00 

7:00 to 

17-00 

7:00 to 

17:01 

7:00 to 

17-02 

7:00 to 

17.03 

7:00 to 

17:04 

7:00 to 

17:05 

7:00 to 

17-06 

7:00 to 

17:07 


Rated power 


EHmn 


mmi 


Auto(BAS) |ll.2kW 




Auto(BAS) 11.2 kW 


Auto(BAS) 11.2 kW 


Auto(BAS) 3.7 kW 


Auto (BAS) 1.5 kW 


Auto(BAS) 2.2 kW 


Auto(BAS) 2.2 kW 


Auto(BAS) 2.2 kW 


Auto(BAS) 2.2 kW 


Auto(BAS) 3@4.1kW(lstandby) 


Auto(BAS) 3.7 kW 


Auto(BAS) 2.2 kW 


Auto(BAS) 3.0 kW 


Auto(BAS) 5.6 kW 


Auto(BAS) 7.5 kW 


Auto(BAS) 11.2 kW 














































































































Table2: Rated parameters of York Screw Chiller 



























No. otpumps 

3 

Make 

Peerless 

Tvpe 

6AE16 

Diameter 

1.7x0.7x0.9 m 

Operatingweight 

690 Kg 

Circulatingwaterguantity 

637 IGPM 

Speed 

1470 rpm 

Rated HP 

45.57 HP 

Operatinghead 

170 FWG 

Pump efficiency 

72% 

Motor 

Make 

TECO or ELEKTRM 

Type 

TEFC, Squirrel cage motor 

Speed 

1455 rpm 


RatedHP 60HPeach 























Table 4. Rated parameters of condenser water 


No. ofpumps 

3 

Make 

Peerless 

Type 

6AE16 

Diameter 

1.7x0,7x0.9 m 

Operating weight 

690 kg 

Circulatingwaterpuantity 

637IGPM 

Speed 

1470 rpm 

RatedHP 

45.57 HP 

Operatinghead 

170FTWG 

Pumpefficiency 

72% 

Motor 

Make 

TECOorELEKTPM 

W 

TEFC, Spuirrei cage motor 

Speed 

1455 rpm 

Rated HP 

60 HP each 
























Table 5. Rated parameters of cooling towers 


No.ofunits 

3 

Make/Model 

NIHION SPINDLE/CTA-400UN 

Country of manutacturing 

Malaysia 

Rated pertormance at 
95°FDB/81°FWB 

400 HRT 

Evaporation loss 

0.87% 

Dnft loss 

0.20% 

Materialofframework 

Hot-Dip galvanizedsteel 

Materialofcasing 

FRP 

Type of infill 

PVC 

Fan 

No. offans pertower 

2 

Type offan 

Axialflow 

Diameter 

1700 mmx2 

Speed 

494 rpm 

Fan motor 

Make 

Crompton UK 

CL 

TEFC 

Speed 

1450 rpm 

Rated HP 

7.5 


1 




























Table 6. Rated parameters of AHUs /FCUs 
Level-1 


Parameters 

AHU-1.1 

Make 

York 

Model No. 

CS270SH 

No. of rows 

08 

Total capacity (BTU/h) 

629,600 

Sensible capacity {BHJ/h) 

437,100 

Airofftemperature (“ F) 

50.81/50.55 

Chilled water puantity (IGPM) 

103.3 

Extemal static capacity ("WG) 

1.20 

Airf!Qw(CFM) 

14,800 

Motor, HP 

15 


AHU-1.2 


York 


CS217SH 


08 


581,600 


314,000 


53.52/53.17 


93.5 


0.9 


10,800 


AHU-1.3 

AHU-1.4 

York 

York 

CS217 

CS32 

06 

04 

906,600 

68,100 

340,100 

41,800 

57.18/57.12 

57.18/57.12 

137.5 

10.8 

2.01 

1.07 

11,175 

1,900 

15 

'2 


Parameters 

AHU-1.5 

AHU-1.6 

Make 

York 

York 

Model No. 

CS113 

CS270 

No. of rows 

8 

6 

Total capacity (BTU/h) 

357,700 

786,700 

Sensible capacity (BTU/h) 

153,400 

407,800 

Alroff temperature (° F) 

55.78/55.47 

54.15/54.07 

Chilled water guantity (IGPM) 

58.3 

120 

Extemal static capacity ("WG) 

0.8” 

0.8" 

AirAow (CFM) 

4,950 

14,000 

Motor, HP 

3 

10 


AHU-1.7 


York 


CS113SH 


8 


307,500 


1,037,660 


51.54/51.30 


51.3 




Level-2 


Parameters 


Model No. 


No. of rows 


Totalcapacity(BU)/h) 


Sensible capacity (BTU/h) 


Air off temperature (° F) 


Chiiledwater guantity (IGPM) 1166.7 


Extemal staticcapacity ("WG) 1.20" 


Airflow(CFM) 118,400 


York 


CS336SH 


08 


1,180,900 


540,900 


50 93/50.75 


lYork 


CS336SH 


108 


1,115,200 


525,100 


50.59/50.44 


180.8 


0 . 88 ” 


AHU-2.3 


York 


CS217SH 


08 


842,900 


331,700 


50.53/50,47 


140 


1 . 20 " 


8,100 


AHU-2.4 


lYork 


CS336SH 


973,500 


506,800 


50.71/50.53 


159.2 


1.15" 



AHU-2.5 


York 


CS336SH 


08 


955,900 


497,800 


50.72/50.54 


155.8 


0.73" 


16,800 


15 


AHU-2.5 


York 


CS217SH 


08 


842,900 


331,700 



















































































































































1-3 


Parameters 

AHU-3.1 

AHU-3.2 

AHU-3.3 

AHU-3.4 

AHU-3.5 

Make 

York 

York 

York 

York 

York 

Model No. 

CS50SH 

CS74SH 

CS50SH 

CS113SH 

CS50SH 

No. of rows 

08-Dec 

08-0ct 

8/10 

06-Dec 

05-Dec 

Total capacity(BTU/h) 

122,500 

305,900 

210,510 

323,100 

110,800 

Sensiblecapacity(BTU/h) 

56,900 

135,400 

93,400 

144,000 

52,500 

Airofftemperature(°F) 

53,75/53,69 

58,02/52.85 

53 96/53.77 

54.15/54.07 

55.75/55.13 

Chilledwaterpuantity (IGPM) 

19 6 

48,3 

34.6 

53.3 

18.3 

Extemal static capacity ("WG) 

0 64” 

0.85" 

0.83" 

0.85" 

1.26" 

Airflow(CFM) 

2100 

4075 

2900 

4500 

2700 

Motor, HP 

2 

3 

3 

3 

3 


Level-4 


—- 

Parameters 

AHU-4.1 

AHU-4.2 

AHU-4.3 

AHU-4.4 

AHU-4.5 

AHU-4.6 

Make 

York 

York 

York 

York 

York 

York 

Model No, 

CS156SH 

CS113SH 

CS113SH 

CS217SH 

CS217SH 

CS402SH 

No. of rows 

04-0ct 

04-0ct 

08-0ct 

04-Dec 

05-0ct 

06-0ct 

Totalcapacity(BTU/h) 

380,300 

217,000 

451,900 

333,800 

363,500 

1,004,500 

Sensible capacity (8TU/h) 

167,800 

98,500 

200,200 

219,400 

240,800 

560,500 

Airofftemperature(° F) 

62.15/60.95 

61.09/59.93 

53.39/53.21 

55.11/54,03 

55.16/54,15 

54,54/53.81 

Chilled waterpuantity (IGPM) 

63,3 

33.3 

72.5 

54.2 

58.3 

154.2 

Extemal static capacity (“WG) 

1.3 

1.3 

0.62 

0.69 

1.7 

1.28 

Airflow(CFM) 

7,350 

4,300 

6,100 

9,500 

10.45 

20,850 

Motor, HP 

5 

3 

4 


10 

15 


Fan Coil Units (FCUs) 







































































































































































Table 1. replacement of conventional ballast with electronic 
ballast in tluorescent lamps used for display lighting 


science 


Level-1 CEC_ 


Touchtunnel displaylight 


display light 


Lighting 

epuipment 

No of 

fixtures 

Lamps 

per 

fixtures 

display light 

55 

1 

display light 

9 

1 


Level-2 

Malayslan i 
Technology 1 

Level-2 

Temporary i 
gallery 1 


Level-2 Eutureworld 


Level-2 Thinklng 
machine 


1 

18 

1 

18 

■ 

36 

1 

36 

1 

18 

1 

36 

1 

18 

1 

18 

Total 



0 090 b 027 


0 040 0.012 


0 050 0 015 


0.007 8640 


0.028 8640 


0.301 8640 


0 035 8640 


0 182 8640 


1281 8640 


172 1 18 172 1 720 0 516 1204 8640 10403 2392 59 5504 


Energy 

saving 

potential 

(kWh) 

Cost 

savings 

(RM) 

initial 

investment 

repuired 

(RM) 

3326 

765.07 

1760 

544 

125.19 

288 




60 

13.91 

32 

242 

55 64 

128 

2601 

598 15 

1376 

302 

69.55 

160 

1572 

361.67 

832 

11068 

2545.60 

5856 

6774 

1557 96 

3584 

10403 

2392 59 

5504 

36893 

8485.34 

19520 




























































































































Table 2. Replacement of conventional ballast with electronic 
ballast in tluorescent lamps used for general and task lighting 


Level Area 


Ughting 

eguipment 

Mo of 

fixtures 

surface 

mounted 

26 


Electncal surtace 

workshop mounted 


Carpentry surface 21 

workshop mounted 


Urtlanding surtace 
mounted 


surlace 

mounted 


indirect 10 


e 

tmg 


surtace 

mounted 


Annexpublic surlace 
tollet mounted 


surface 1 
mounted 


surface 

mounted 


surface 


Level-1 

Children 

exploration 

centre 

Level-1 

Public toilet 


surtace 

mounted 


surtace 

mounted 


Temporary surtace 

gallery mounted 


Pulureworld sudace 11 
mounted 


Room-1 Recessed 15 


Level-3 

Conference 

room 

Level-3 

OtTice 


Reception 


52 0 520 0.156 


48 0 480 0.144 


42 0 420 0.126 


8 0 080 


0.060 0 018 


0 030 0 009 


20 10 200 0 06 


5 0 050 0 015 


6 0.060 0 018 


8 0.080 0.024 


1 0 010 0.003 


0 040 0 012 


3 0 030 0.009 


0 120 0 036 


0 030 0.009 


0.040 0.012 


0 060 0.018 


0 020 0.006 


0 110 0.033 


0 300 0.09 


8 l 0 080 0 024 


0.340 0.102 


Operatin Energy 
g saving 
hours/y 
ear 


320 1572 1361 67 


0.294 4320 


4320 242 


2 4320 181 


0 021 4320 91 


0.140 4320 605 


0.035 4320 151 


0 042 4320 181 


0.056 4320 242 


0.007 4320 30 


0.028 4320 121 


0 021 4320 


0.021 4320 91 


0.028 4320 121 


0 042 4320 181 


0.014 4320 60 


0.077 4320 333 


0.210 |4320 907 


242 


0.238 4320 1028 


363 83 


20 87 


2 _i 

18 

8 

0 080 

0 024 

0 056 

4320 

242 
























































































































































































































Studio 

Recessed 

4 

Mainhall 

Recessed 

32 


Photocopyin 

groom-1 


Photocopyin Recessed 6 
g room-2 _ 


Secretary Recessed 2 
room 


Dlrector's 

meeting 

room 


Dlrector 

room 


Totlet surtace 4 

mounted 


Level-3 ILibrary 


AV room 


Recessed 5 


Level-4 Muttipurpose 
hall 


Level-4 Toilets 


surtace 

mounted 


Level-4 Store 


Level-4 jcanteen 


Pantiy 


wall 

mounted 


Toilet surtace 8 
mounted 


Level-4 Prayerroom surtace 2 
toilets mounted 


36 


18 


0.020 

0.006 

0.080 

0 024 




242 


320 1935 


0.434 4320 1875 


0.098 4320 423 


0.028 |4320 121 


363 


0 040 

0 012 

0.040 

0 012 

0.020 


0 080 

0 024 

0.060 

0 018 

0 020 

0 006 

0.040 

0.012 

0 020 

0.006 

1 420 

0.426 

0.900 

0 27 

0 100 

0 03 

0.100 

0 03 

0.220 

0 066 

0.080 

0.024 

0 700 

0.21 

1 280 

0 384 

0.060 

0.018 

0140 

0.042 

0 060 

0.018 

0.060 

0.018 



0.100 

0 03 

0.040 

0.012 

0.160 

0.048 

0.040 

0.012 


0.056 4320 242 


0.042 4320 181 


0 014 4320 60 


121 


0.014 4320 60 


4294 


2722 


302 


0.070 4320 302 


0.154 4320 665 


0.056 4320 242 


0.490 4320 2117 


0 896 4320 3871 


0.042 4320 181 


0 042 4320 181 


Total 1068 


181 

41 73 

192 

423 

97.37 

448 

181 

41.73 

192 

181 

41.73 

192 




302 

69 55 

320 

121 

27.82 

128 

484 

111.28 

512 

121 

27.82 

128 

32296 

7428.15 

34176 


































































































































































































































































Table 3. Replacement of 36-W fluorescent lamp with T-5 la 


Level Area Ughting No.of Lamps Lamp Total (PLplus 

epuipment fixtures per wattage no of ballast) 

fixtures lamps wattage 


Mechanical surtace mounted 
workshop 


Electncal surtace mounted 


suriace mounted 



workshop 


Carpentry 

workshop 


Environment suriace mounted 
al odyssey 


suriace mounted 


indlrect 


cove lighting 


suriace mounted 


Annexpublic suriace mounted 
toilet 


suriace mounted 


suriace mounted 


Publictoilet Isuriace mounted 


suriace mounted 


Buildingexit suriace mounted 


Temporary suriace mounted 
galleiy 


Putureworld suriace mounted 


Recessed 


Conterence cove lighting 
room 


Office 


Reception 


Studio 


Mam hail 


Recessed 


Recessed 


Recessed 


Photocopymg Recessed 
room-1 


Photocopymg Recessed 
room-2 


Secretary 

room 


Director's 

meeting 

room 


Recessed 


Recessed 


Dlrector room Recessed 


Library 


AVroom 


Lab iRecessed 


Multipurpose Recessed 
hall 



suriace mounted 




T-5 kW Operating Energy Cost 

wattage saved hours/year saving savings 

potentia (RM) 

_ l(kWh) _ 

28 0.936 4320 4044 930.01 


28 0 864 4320 3732 858.47 


28 0.756 4320 3266 751.16 


467 107.31 


233 |53 65 156 


155 5 357.70 1040 


389 89.42 260 


467 |l0731 312 


143.08 416 


17.88 52 


53 65 156 


933 1214.62 624 


53 65 156 


107.31 312 


35.77 104 


855 196.73 572 


2333 536.54 


2644 608 08 1768 



46 

28 

0 036 

!4320 

[156 

35.77 

46 

28 

0 144 

4320 

622 

143 08 

46 

28 

1 152 

4320 

4977 

1144 63 

46 

28 

0.072 

4320 

311 

71 54 

46 

28 

0 072 

4320 

311 

71 54 

46 

28 

0 072 

4320 

311 

71.54 

46 

28 

0.144 

4320 

622 

143.08 

46 

28 

0.108 

4320 

467 

107.31 

46 

28 

2 556 

4320 

11042 

2539 64 

'46 

28 

0.180 

4320 

778 

178.85 

46 

28 

0 396 

4320 

1711 

393 47 

46 

28 

1.260 

4320 

5443 

1251.94 





































































































































































































































































































































Level-4 

Toilets 


3 

2 

36 

6 

46 

28 

0 108 

4320 

467 

107.31 

312 

Level-4 

Store 


3 

2 

36 

6 

46 

28 

0.108 

4320 

467 

107.31 

312 

Level-4 

Canteen 








— 

-1 





Pantry 


5 

2 

36 

10 

46 

28 

0 180 

4320 

778 

178 85 

520 



wall mounted 

4 

1 

36 

4 

46 

28 

0 072 

4320 

311 

71 54 

208 

Level-1 

Pathways to 

science 

display light 

55 

1 

36 

55 



0.990 

8640 

8554 

1967 33 

2860 

Level-2 

Malaysian 

Technology 

display lighting 

43 

1 

36 

43 

46 

28 

0.774 

8640 

6687 

1538.09 

2236 

Level-2 

Temporary 

gallery 

display lighting 

5 

■ 

36 

5 



0.090 

8640 

778 

178.85 

260 

Level-2 

Puture world 

display lighting 

183 

1 

36 

183 

46 

28 

3.294 

8640 

28460 

6545.84 

9516 





Total 


948 



17.064 


95956 

22070 

49296 





























































































Table 4. Replacement of conventional ballast with electronic 
ballast in 18-W tluorescent lamp 


Level Area 


Lighting 

equipment 


No.of jLamps 
fixtures 




Lft landing 


Annex public surface mounted 
toilet 


IPublictoilet suriacemounted [2 


Recessed 


office- Recessed 


Room-1 


office- 

reception 


Main hall 


Photocopying Recessed 
room-1 


Photocopying Recessed 
room-2 


Secretary Recessed 
room 


Dlrector room Recessed 


Tollet 


surtace mounted 


surtacemounted 2 


Recessed 


Recessed 


Recessed 


Multipurpose Recessed 
hall 


Toilets 


suitace mounted 


surface mounted 6 


surtacemounted 8 


Prayerroom 

toilets 

surtace mounted 

Pathways to 

sclence 

display light 

Children explorabon centre 

CEC-touch 

tunnel 

display light 

Llvlngln 

space 

display light 

Temporary 

galleiy 

display lightmg 

Puture world 

display lighting 

Thinklng 

machine 

display lighting 


Powerloss 

in copper 

choke 

(kW) 

Power loss in 

electronic 

choke(kW) 

kW 

saved 

Operating 

hours/year 

Energy 

saving 

potentia 

l(kWh) 

Cost 

savings 

(RM) 

0 080 

0.024 

0.056 

4320 

242 

55 64 

0 040 

0.012 

0.028 

4320 

121 

27.82 

0.040 

0 012 

0.028 

4320 

121 

27.82 

0 080 

0 024 

0 056 

4320 

242 

55 64 

0.080 

0.024 

0.056 

4320 

242 

55.64 

0.620 

0.186 

0 434 

4320 

1875 

431.22 

0140 

0.042 

0.098 

4320 

423 

97.37 

0.120 

0 036 

0 084 

4320 

363 

83 46 

0.020 

0 006 

0.014 

4320 

60 

13.91 

0.020 

0 006 

0.014 

4320 

60 

13.91 

0.040 

0.012 

0 028 

4320 

121 

27 82 

0.020 

0 006 

0 014 

4320 

60 

13 91 

0 900 

0.27 

0.630 

4320 

2722 

625.97 

0.100 

0.03 

0.070 

4320 

302 

69.55 

0 080 

0.024 

0.056 

4320 

242 

55 64 

1.280 

0.384 

0.896 

4320 

3871 

890.27 

0 140 

0 042 

0 098 

4320 

423 

97.37 

0 060 

0.018 

0.042 

4320 

181 

41.73 

0.160 

0 048 

0.112 

4320 

484 

111 28 

0 040 

0.012 

0.028 

4320 

121 

27.82 

0.090 

0 027 

0 063 

8640 

544 

125.19 







0 010 

0.003 

0 007 

8640 

60 

13.91 

0 040 

0.012 

0 028 

8640 

242 

55.64 

0.260 

0 078 

0.182 

8640 

1572 

361.67 

1.120 

0 336 

0.784 

8640 

6774 

1557.96 

1.720 

0 516 

1.204 

8640 

10403 

2392.59 


Total 


5.11 


31873 


7331 



















































































































































































































































































































Appendix E 

Completed Building Energy Data Survey Porms 




PROJECT 

BUILDING 

LOCATION 


Energy Audit of Pusat Sains Negara 
Science Museum 
Kuala Lumpur 


Table 1. BUILDING STRUCTURE DATA 
Roof Data 


BuildmgMatenal 

Reintorced concrete 

Colour 

Dark gray 

Skyllght(Yes/No) 

No 

Skylight dimension (m*nn) 

Notapplicable 

Insulation (Yes/No) 

No 

Insulated Area (m^) 

Notapplicable 


Thermo-physlcal properties of Reinforced Concrete 


Matenal 

Thickness 

(inches) 

Resistance 

(h-ft^-F/Btu) 


Specitic heat 
(Btu/lb-F) 

Reinlorced concrete 

10 

0.833 

140 

0.2 


Atrium Roof Data 


Building matenal 

Polycabonatesheet 

Shape 

Dome 

Siie atthe top (diameter in m) 

57,4 

Size atthe bottom (diameterin m) 

18 

Height of dome from bottom (m) 

48.3 

Lighttransmission 

42% 


Thermo-physical properties of Polycarbonate Sheet 


Matenal 

Thickness (inches) 

Resistance 

(h-ft^-F/Btu) 


Specihc heat 
(Btu/lb-F) 

Polycarbonate 

0.25 


75 

0.2 






































Floor Data 


Ploorno 


Conditjoned area 
(m^) 

Non-conditjoned area 
(m^) 

Levell 

6756 

4520 

2236 

Level2 

5517 

4132 

1385 

Level3 

4550 

4284 

266 

Level4 

1690 

1287 

403 


Wall Data 



Exteiiorwall 

Partition wall 

Toilet partition wall 

Onentation 

all 

Notapplicable 

Notapplicable 

Matenal 

Pibre reintorced cement and Supalux 

Bnck 

Bnck 

Colour 

very dark gray 

offwhite 

offwhite 

Thickness 

9mm+9mm 

115 mm 

230 mm 


Thermo-physical properties of exterior wall materials 


Matenal 

Thickness(inches) 

Resistance 

(h-ft=-F/Btu) 


Specihc heat 
(Btu/lb-F) 

Rbre reintorced cement 

0.354 

0.1245 

84.3 

0.24 

Supalux 

0.354 

0.3 

54.6 

0.24 


Thermo-physical properties of partition wall material 


Matenal 

Thickness(inches) 

Resistance 

(h-tt^-P/Btu) 

Density 

(lb/ft") 

Specitic heat 
(Btu/lb-F) 

Bnck 

9 

1.785 

120 

es^hh 


Window Data 


Type 

Tmted (gray) 

Thickness 

6 mm 

Extemalshading 

No 

Intemal shading 

Lightvenetian blinds 

0verallUvalue 

0.889 Btu/hr-ft^-F 

Overall shade coefficient 

0.439 

Transmissivity 

0.479 

Reflectivity 

0.062 

Absorptivity 

0.459 


















































PROJECT 

BUILDING 

LOCATION 


Energy Audit of Pusat Sains Negara 
Science Museum 
Kuala Lumpur 


Table 2. ROOM DATA 



Pathways to science 1114 


Aguarium 


Annex 


Pathwaysto discovery 86 


CEC 


Publictoilet 


Stafflift 


Exit 


Mechanical workshop 


Electrical workshop 22 


Carpentry workshop 


Malaysian technology 98 


Temporary gallery 


Puture world 


ThinkingMachine 


Room-1 


Conterence room 


Office-reception 


Office-studio 


Office-hall 


Office-photocopying 




Director'smeeting 



Lux 

Minimum 

Maximum 

46 

50 

30 

250 

10 

200 

80 

116 

92 

160 

42 

60 

28 

245 

86 

146 

70 

72 

20 

30 

60 

240 

56 

284 

62 

239 

24 

113 

30 

200 

10 

10 

10 

30 

198 

244 

160 

375 

168 

265 

277 

1000 

250 

347 

173 

318 

140 

150 

240 

350 



room 

















































































































































































































project 

building 

LOCATION 


Energy Audit of Pusat Sains Negara 
Science Museum 
Kuala Lumpur 


Table 3. LIGHTING DATA 




Level-1 Aquanum 



Toiletmale 



Lamp type 

Lamp 

wattage 

Pluorescent 

33 

Metal Halide 

500 

Pluorescent 

51 

Pluorescent 

51 

Lowvoltage halogen 

50 

Lowvoltage halogen 

50 

Compact fluorescent 

19 

Lowvoltage halogen 

50 

Compact fluorescent 

19 

Low yoltage halogen 

50 

Pluorescent 

51 

Pluorescent 

51 

Ruorescent 

33 

Halogens 

124 

High pressuresodium 

150 

Compactfluorescent 

19 

Pluorescent 

51 

Pluorescent 

33 

Pluorescent 

51 

Low voltage halogen 

50 

Metal Halide 

70 

Halogens 

124 

Pluorescent 

33 

Metal Halide 

1000 

Pluorescent 

33 

Pluorescent 

51 

Ruorescent 

33 

Pluorescent 

51 

Low Yoltagehalogen 

50 

Pluorescent 

51 



Lighting 

Operatmg 

Daily load 

load (kW) 

Hours/day 

(kWh) 

0.26 

10 

3.168 

4 

12 

48 

0.31 

12 

3.672 

0.15 

12 

1.836 

2.1 

12 

25.2 

0.6 

12 

7.2 

0.13 

12 

1.596 

0.1 

12 

1.2 

0.08 

12 

0.912 

4,55 

12 

54.6 

2.81 

12 

33.66 

1.07 

0 

0 

0.3 

12 

3.564 

1.24 

12 

14,88 

0.75 

12 

9 

0.8 

12 

9.576 

1.02 

12 

12.24 

0.53 

12 

6.336 

0.26 

12 

3.06 

0.3 

12 

3.6 

0.42 

12 

5.04 

0.5 

12 

5.952 

0.2 

12 

2.376 

3 

12 

36 

0.1 

12 

1.188 

0.2 

12 

2.448 

0.07 

12 

0.792 

0.31 

12 

3.672 

2.25 

12 

27 

2.65 

0 

0 



Display lights/always 
switched off 



Display lights 


Alwaysswitched off 



















































































































































Level-1 Children exploratJon centre 


Lowvoitage halogen 50 


Pluorescent 


Pluorescent 


Lowvoltagehalogen 50 


Creating electncity Lowvoitage halogen jso 



Touch tunnel 


Space travel 


Aititicial gallery 


Pluorescent 


Lowvoltage halogen 50 


Lowvoltage halogen 50 



Exercisingin space Lowvoltage halogen 50 


Lowvoltage haiogen 50 


Ruorescent 


Lowvoltage halogen 50 


Pluorescent 


Ruorescent 


Ruorescent 


Ruorescent 


Ruorescent 


Gyroscope 


Level-1 Publictoilet 


Male 


Pemale 


Level-1 Staff(VIP)lift 


Level-1 Exit 



Level-1 Mechanical workshop Ruorescent 


Level-1 Electncal workshop Ruorescent 


Level-1 Carpentry workshop Ruorescent 


Level-2 jMalaysianTechnology |Lowvoltagehalogen Iso 


Ruorescent 


Lowvoltagehalogen 50 


Ruorescent 


Ruorescent 


Incandescent 


Compacthuorescent 19 


Lowvoltage halogen 120 


Pluorescent 


Ruorescent 


Lowyoltagehalogen 120 


Lowypltage halogen 50 


Ruorescent 


Pluorescent 


Lowvoltage halogen 50 


Lobby 


Level-2 |Temporarygallery 



Level-2 Puture world 



Lowvoltagehalogen 150 




12 

6.6 

0 

0 

12 

1.872 

12 


12 

12 

12 

0.396 

12 

3.6 

12 

3.6 

12 

3.6 

12 

3 

12 

1.584 

12 

3.6 

12 

1.584 

12 

4.896 

12 

4.284 

12 

1.836 

12 

3.672 

12 

31.824 

12 

17.136 

12 

25.704 

12 

70.2 

0 

0 

12 

22.8 

12 

33.66 

12 

57.816 

12 

13.8 

0 

0 

12 

25.92 

0 

0 

12 

1.224 

0 

0 

12 

5.76 

12 

11.4 

12 

3.06 

12 

10.296 

12 

32.4 

0 

0 

12 

36 




Always switched off 


Display lights 


Display lights 


Display lights 


Display lights 


Always switched off 


Always switched off 


































































































































































































































Level-2|0pentoatnum 


Level-2 jThmking machine 


Level-2 Corndor 


Level-3 Conference room 


Level-3 Office 


Reception 


Pluorescent 

1 

33 

112 


Piuorescent 

51 

183 

1 

9.33 

Ruorescent 

51 

23 

1.17 

Ruorescent 

51 

11 

0.56 

Low voltage halogen 

50 

3 

0.15 

Ruorescent 

51 

7 

0.36 

Lowvoltage halogen 

50 

72 

3.6 

Ruorescent 

51 

180 

9.18 

Low voltage halogen 

50 

46 

2.3 

Ruorescent 

33 

172 

5.68 

Metal Halide 

70 

13 

0.91 

Ruorescent 

51 

1 

34 

1.73 

Metal Halide 

,70 

j- 

8 

0.56 

Incandescent 

1 

15 

12 

0.18 


Cargo liftlandingspace 


Main office 


Photocopying room-1 


Photocopying room-2 


Secretary room 


Director's meeting 
room 


Director's room 


Stafftoiiet(male) 


44.352 bispiay lights 


111.996 jDispiay lights 


Always switched off 


Always switchedoff 


0 |Alwaysswitchedoff 


Display lights 


68.112 Display 


Alwaysswitched off 


Ruorescent 

33 

8 

0.26 

10 

2.64 

Ruorescent 

51 

2 

0.1 

10 

1.02 

Ruorescent 

51 

8 

0,41 

10 

4.08 

Compactfluorescent 19 

6 

0.11 

10 

1.14 

Ruorescent 

51 

2 

0.1 

10 

1.02 

Ruorescent 

33 

2 

0.07 

10 

0.66 

Ruorescent 

51 

64 

3.26 

10 

32.64 

Ruorescent 

33 

62 

2.05 

10 

20.46 

Compactfluorescent 19 

22 

0.42 

10 

4.18 

Ruorescent 

33 

14 

0.46 

10 

4.62 

Ruorescent 

51 

4 

0.2 

10 

2.04 

Compactfluorescent 19 

3 

0.06 

10 

0.57 

Ruorescent 

33 

12 

0.4 

10 

3.96 

Ruorescent 

51 

4 

0.2 

10 

2.04 

Compactfluorescent 19 

3 

0.06 

10 

0.57 

Ruorescent 

51 

4 

0.2 

10 

2.04 

Ruorescent 

33 

2 

0.07 

10 

0.66 

Ruorescent 

51 

8 

0.41 

10 

4.08 

Compactfluorescent 19 

2 

0.04 

10 

0.38 

Ruorescent 

51 

6 

0.31 

10 

3.06 

Ruorescent 

33 

2 

0.07 

10 

0.66 

Compactfluorescent 19 

3 

0.06 

10 

0.57 

Ruorescent 

33 

3 

0.1 

10 

0.99 

























































































































































































































































































































































































































































































































































































































































































































































































PROJECT 

BUILDING 

LOCATION 


Energy Audit of Pusat Sains Negara 
Science AAuseum 
Kuala Lumpur 


Table 5. CHILLER & ANCILLARIES DATA 


Leuel 

Room 

No./Descnpt 

lon 

Descnption 

Brand 

Model 

Rated 

power 

(kW) 

Level 

1 

Chillerroom 

Chiller 1 

York 

YS0BCBS3 

5CHA0 

203.0 

Level 

1 

Chillerroom 

Chiller water 

pump 

(CH WP 1) 

Peerless 

6AE16 

45 0 

Level 

1 

Chillerroom 

Condenser 

water pump 

(CWP 1) 

Peerless 

6AE16 

45.0 

Level 

1 

Chillerroom 

Chiller2 

York 

YS0BCBS3 

5CHAO 

203.0 

Level 

1 

Chillerroom 

Chillerwater 

pump 

(CHWP2) 

Peerless 

6AE16 

45.0 

Level 

1 

Chillerroom 

Condenser 

water pump 

(CWP 2) 

Peerless 

6AE16 

45.0 

Level 

1 

Chillerroom 

ChillerS 

York 

— 

YSOBCBS3 

5CHAO 

203.0 ; 

Level 

1 

Chillerroom 

Chillerwater 

pump 

(CH WP3) 

Peerless 

6AE16 

45 0 ; 

Level 

1 

Chiller room 

Condenser 

waterpump 

(CWP 3) 

Peerless 

6AE16 

45.0 ; 

Level 

4 

Terrace 

Coolingtower 

1 

NIHION 

SPINDLE 

CTA- 

400UN 

11.0 ; 

Level 

4 

Terrace 

Coolingtower 

2 

NIHION 

SPINDLE 

CTA- 

400UN 

110 ; 

Level 

4 

Terrace 

Coolingtower 

3 

NIHION 

SPINDLE 

CTA- 

400UN 

■ 




tactor 


(%) (%) ln( 




ln(“ Out(° 
C) C) 


Operating Average Daily 

hours load load 


Start End (kW) (kWh) 



100 86 13.5 8 8 28 3 35.2 



100 76 13.5 8 8 28.3 34.7 



7 00 

5.00 

174 

1740 

AM 

PM 



7-00 

5'00 

47 5 

475 

AM 

PM 



7:00 

5'00 

16 1 

161 

AM 

PM 



7 00 

5.00 

155 

1550 

AM 

PM 



7 00 

5 00 

48 5 

485 

AM 

PM 



7:00 

5 00 

35 2 

352 

AM 

PM 






7:00 

5.00 

AM 

PM 

7.00 

5:00 

AM 

PM 



Stand- 

by 


73 iRunn- 



491 


4910 























































































































































Appendix F 

Fieid Survey Data 




Table 1. Transformer no-1 load monitoring data (11-9-02 & 12- 
9-0?) 

T|lllfr VI V2 V3 V pi jl2 jia 1 KWl KW2 KW3 hW KVA1 KVA2 KVA3 1 kVA [ppi |pF2 


Tlme- VI 
(IST) _ 


9:15 |243 


9:30 243 


9:45 |242 


10:00 238 


10:15 236 


10:30 239 


10:45 239 


11:00 239 


11:15 239 


11:30 239 


11:45 239 


12:00 239 


12:15 239 


12:30 240 


12:45 239 


13:00 239 


13:15 239 


13:30 240 


13:45 240 


14:00 240 


14:15 242 


14:30 244 


14:30 244 


14:45 245 


14:45 245 


15:00 247 


15:00 247 


15:15 247 


15:15 247 


15:30 246 


15:30 246 


15.45 244 


15:45 244 


16:00 242 


16:00 242 


16:15 242 


16.15 242 


16:30 244 


16.30 244 


16:45 244 


16:45 244 


17:00 246 


17.00 246 


17:15 247 


17:15 247 


17:30 246 


243 837 


PF HZ 


243 841 


242 843 


237 847 


236 844 


238 844 


239 844 


238 845 


|239 841 


238 835 


238 834 


239 837 


239 839 


239 837 


238 839 


239 834 


242 821 


244 |88 


240 88 


245 70 


245 70 


245 72 


245 72 


242 70 


242 70 


242 70 


242 70 


241 70 


241 70 


244 |71 


243 70 


243 70 


246 72 


246 72 


246 72 


246 72 


189 202 


190 202 


190 202 


188 201 


187 198 


188 201 


188 202 


188 199 


188 201 


188 201 


186 199 


186 200 


187 200 


188 201 


187 201 


187 200 


187 200 


187 200 


185 200 


78 74 85 237 


78 73 85 |236 


77 73 85 235 


72 |68 80 220 


71 |66 79 |216 


73 169 81 223 


74 70 81 225 


73 69 80 222 


73 69 80 222 


82 225 


81 222 


74 68 


82 225 


81 224 


81 224 


81 224 


74 70 82 226 















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































1246 

|246 


11 

11 

61 


11 

11 

61 


246 246 


247 |246 


247 


247* 247 


247 247 


247 247 


247 247 


248 248 


248 248 


246 246 


246 246 


245 245 


245 245 


246 246 


246 246 


246 246 


246 246 


247 247 


247 247 


247 247 


247 247 


248 248 


248 248 


248 248 


248 248 


248 248 


248 248 


249 249 


249 249 


249 249 


249 249 


246 246 


246 246 


244 243 


244 243 


247 247 


247 247 


247 247 


247 247 


247 247 


247 247 


248 248 


248 248 


248 248 


248 248 


248 248 


248 248 


248 248 


248 248 


249 249 


246 72 


247 72 


247 72 


247 72 


247 72 


247 72 


247 72 


248 72 


248 72 


245 71 


245 71 


245 71 


245 71 


246 72 


246 72 


246 72 


246 72 


246 72 


246 72 


247 72 


247 72 


248 


248 72 


248 72 


248 72 


248 72 


248 72 


249 72 


249 72 


249 72 


249 72 


243 71 


243 71 


242 70 


242 70 


246 72 


246 72 


247 72 


247 72 


247 72 


247 72 


248 72 


248 72 


1247 72 


247 72 


247 72 


247 72 


248 72 


248 72 


249 72 


94 


92 


92 


92 


92 61 


93 62 


93 62 


92 62 


92 62 


95 61 


95 61 


90 61 


90 61 


95 61 


95 61 


90 61 


90 61 


95 61 


95 61 


92 62 


92 62 


93 62 


93 62 


94 62 


94 62 


92 62 


92 62 


95 62 


95 62 


91 62 


91 62 


92 61 


92 61 


92 60 


92 60 


95 61 


95 61 


91 61 


91 61 


95 61 


95 61 


92 62 


92 62 


92 62 


92 62 


95 62 


95 62 


91 62 


91 62 


95 62 


0_ 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0,28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

5_ 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0,28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0.29 

0 

0 

5 

17 

0 

0 

0 

0 29 

0 

0 

4 

16 

0 

0 

0 

0 28 

0 

0 

4 

16 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0,28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

4 

16 

0 

0 

0 

0.28 

0 

0 

4 

16 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

5 

17 

0 

0 

0 

0 28 


imS 

iSb 

mm 


























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2. Transformer no-2 load monitoring data (12-9-02, 13-9- 
02 '& 14-9-02) 


VI V2 V3 V 


KWl kW2 kW3 kW kVAl KVA2 KVA3 kVA PF1 PF2 PF3 1 pF 



0.92 50 




















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 3. Measured electrical parameters (Retrigeration and air- 


conditioning equipment) 


Equipment 

Rated motor (kW) 

VoItage (V) 

Current(l) 

Powerfactor(PF) 

3 -Ph pow^r^kii^ 

Operation of chillers # 1,3 

Compressor#! 

203 

415 

285 

0.89 

182^^ 

Compressor#3 

203 

415 

274 

0.88 

173^3 1 

Condenserpump#! 

30 

411 

29.5 

0.76 

16.0 

Condenserpump#3 

30 

411 

53.3 

0.87 

33.0 

Chilledwaterpump#! 

45 

411 

75.8 

0.88 

47.6 

Chilledwaterpump#3 

45 

411 

74.9 

0.88 

47.1 

Coolingtower# lA 

5.5 

410 

5.5 

0.95 

3.7 

Coolingtower#lA 

5.5 

410 

5.76 

0.92 

3.7 

Coolingtower#3A 

5.5 

410 

5.6 

0.91 

3.6 

Coolingtower#3B 

5.5 

410 

5.45 

0.93 

3.6 

Operation of chiilers # 2,3 

Compressor#2 

203 

415 

276 

0.88 

174.0 

Compressor#3 

203 

415 

250 

0.87 

155.0 

Condenserpump#2 

30 

416 

31.4 

0.71 

16.1 

Condenserpump#3 

30 

416 

56.4 

0.87 

35.2 

Chilled waterpump#2 

45 

415 

74.8 

0.88 

47.5 

Chllled waterpump#3 

45 

416 

76.3 

0.88 

48.5 

Coolingtower#2A 

5.5 

412 

5.6 

0.93 

3.7 

Cooling tower#2A 

5.5 

412 

5.5 

0.92 

3.6 

' 

Coo!ingtower#3A 

5.5 

412 

5.7 

0,94 

3.8 

Coolingtower# 3B 

5.5 

412 

5.5 

0.92 

3,6 


















































































AHUs Level -2 


AHUs Level -3 


AHUs Level-4 


Ratedmotor(kW) Voltage(V) Current(l) | Powerfactor(PF) 


1.1 

11.19 

■ 1,2 

5.22 

co 

11.19 

1.4 

1.49 

■ t5 

2.2 

1.6 

7.46 


Notin use 


0.62 

1.36 

0.45 

1.10 

0.68 

2.07 

0.67 

1.99 

0.72 

1.29 


0.75 

4.1 

0.85 

1.39 

0.69 

2.94 

0.50 

3.3 

0.62 

4.3 

0.78 

9.9 

























































































































Table 4. Measured Parameters of chillers (Chiller #1 & 2 in 
operation) _ 


Time 

Chillerno-1 

Chillerno-2 


Chilledwater 

Retrigerant 

Condenser 

Chiiled water 

Retrigerant 

Condenser 


temp. (° 

C) 

pressure(psig) 

watertemp(°C) 

temp. (''C) 

pressure (psig) 

watertemp.(°C] 


In 

Out 

In 

Out 

in 

i__ 

Out 

In 

Out 

In 

Out 

In 

Out 



7.3 

67.7 

195.6 

26.7 

33.9 

12.9 



198.9 

26.7 

33.5 

12:15 

13.1 

7.7 

69.3 



34.5 

13.1 



202 

27.5 

34.3 

13:30 

13.2 

_1 

7.7 

69.7 

200.3 

27.7 

34.7 

13.2 



203.6 

27.7 

34.6 



7.5 



27.6 

34.7 

13.0 



202.5 

27.6 

34.5 


(Chiller #2 & 3 in operation) 


Time 

Chilierno-2 

Chlller no-3 


Chilled water 

Retrigerant 

Condenser 

Chilled water 

Retrigerant 

Condenserwater 


temp. (“C) 

pressure(psig) 

watertemp (°C) 

temp. (°C) 

pressure (psig) 

temp.^^^C) 


In 

Out 

In 

Out 

In 

Out 

In 

Out 

In 

ilEOIi 

In 

Out 

11:00 

13.0 

7.9 

70.0 

200.5 

28.0 

34.7 

1331 

8.2 

76.8 


28.0 

iilM 

12:30 

13.2 

8.0 

70.5 

201.1 

27.8 

34.5 

n 

8.5 

75.0 

194.8 

27.8 

mm 

14:30 

13.5 

8.8 

71.1 

202.9 

28.3 

35.2 

13.5 

8.8 

76.8 

196.3 

28.3 

34.7 

16:00 

13.1 

8.3 

70.9 

200.7 

27.7 

34.5 

13.1 

8.3 

75.6 

1E5M 

27.7 

34.2 

17:00 

13.1 

8.2 

70.3 

201.5 

28.2 

35.1 

13.1 

8.4 

75.2 


28.2 

34.6 








































































































































































































Table 6. Thermal efficiency calculation of Cooling Towers 
(Cooling Towers 1 & 2 in operation) 


Time 

Coolingtower-1 

1 

Coo!ingtower-2 ; 

Ambient 

WBT 

Efficiency 

ln(°C) 

0ut(°C) 

In(“C) 

0ut(°C) 

(°C) 

(%) 

11:00 

33.8 

27 

33.8 

26.5 

24.5 

75.3 

12:30 

34.5 

28 

34.5 

27.4 

25.2 

72.0 

13:45 

34.6 

28 

34.6 

27,3 

25.5 

73.6 

16:00 

34.6 

28 

34.6 

27.3 

25 

71.9 


(Cooling Towers 2 & 3 In operation) 


Time 

Coolingtower-2 

_ 

Coolingtower-3 

Ambient 

WBT 

Efficiency 

ln(°C) 

Out (°C) 

ln(“C) 

Out(°C) 

CC) 

(%) 

11:15 

34.5 

28 

34.5 

28.2 

25.5 

74.4 

12:45 

34.4 

27 

34.4 

28 

25.3 

76.9 

14:45 

35 

28 

35 

28.5 

26 

75.6 

16:30 

34.4 

28 

34.4 

27.9 

25.2 

75.0 


































































Table 7. Measured Operating Speed of the AHU Fan /Motors 
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Appendix G 

Electrical Systems 



Tabie l.Transformerno-l load monitoring data (11-9-2002 & 12-9-2002) 


VI V2 V3 V il 12 13 


15-30 


15.30 [246 


15.45 244 


15:45 


16 00 |242 


16.00 242 


16:15 242 


16.15 242 


16.30 


16:30 [244 


16:45 244 


16:45 244 


17:00 246 


17:00 246 


17:15 247 


17:15 247 


17.30 246 


17:30 246 


17:45 247 


17:45 247 


18.00 247 


18:00 1247 


243 243 


243 243 


242 242 


237 237 


236 236 


239 238 


239 239 


239 238 


238 238 


239 239 


239 238 


239 238 


239 239 


240 239 


239 239 


239 239 


239 238 


239 239 


240 239 


240 240 


242 242 


244 244 


244 240 


245 245 


245 245 


247 246 


247 246 


247 245 


247 245 


246 245 


246 245 


244 242 


244 242 


242 242 


242 242 


242 241 


242 241 


245 244 


245 244 


244 243 


244 243 


246 246 


246 246 


247 246 


247 246 


247 246 


247 246 


247 247 


247 247 


247 247 


247 247 



KVA1 

KVA2 

KVA3 

KVA 

PF1 

PF2 

PF3 

PF 

78 

74 

85 

237 

0 92 

0.94 

0 92 

— 

0.93 

78 

73 

85 

236 

0 92 

0.94 

0.92 

0.93 

77 

73 

85 

235 

0 92 

0.94 

0.92 

0.93 

72 

68 

80 

220 

0.93 

0.94 

0.93 

0 93 

71 

66 

79 

216 

0.93 

0.95 

0 93 

0.94 

73 

69 

81 

223 

0 93 

0.94 

0.93 

0 93 

_74_ 

70 

81 

225 

0 93 

0 94 

0.93 

0.93 

73 

69 

80 

222 

0 93 

0 94 

0 93 

0.93 

73 

69 

80 

222 

0.93 

0.94 

0 93 

0 93 

74 

69 

82 

225 

0 93 

0 94 

0 92 

0.93 

73 

68 

81 

222 

0 93 

0 94 

0 92 

0.93 

73 

69 

81 

223 

0.93 

0 94 

0.92 

0.93 

73 

68 

82 

223 

0 93 

0.94 

0.92 

0.93 

74 

69 

82 

225 

0.93 

0.94 

0.92 

0.93 

74 

69 

81 

224 

0.93 

0.94 

0.93 

0.93 

74 

69 

81 

224 

0.93 

0.94 

0.92 

0.93 

74 

69 

81 

224 

0.93 

0.94 

0.92 

0 93 

74 

70 

82 

226 

0.93' 

0.94 

0.92 

0 93 

74 

68 

82 

224 

0.93 

0 94 

0 92 

0.93 

74 

68 

82 

224 

0 93 

0 94 

0.92 

0.93 

74 

69 

82 

225 

0.93 

0.94 

0 92 

0.93 

0 

0 

0 

0 

-0.7 

-0.2 

-0.5 

-0.5 

18 

0 

0 

0 

0.2 

0 

0 

0 

18 

0 

0 

0 

0.2 

0 

0 

0 

16 

0 

0 

0 

0 27 

0 

0 

0 

16 

0 

0 

0 

0.27 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0.27 

0 

0 

0 

17 

0 

0 

0 

0 27 

0 

0 

0 

16 

0 

0 

0 

0.28 

0 

0 

0 

16 

0 

0 

0 

0 28 

0 

0 

0 

16 

0 

0 

0 

0 28 

0 

0 

0 

16 

0 

0 

0 

0.28 

0 

0 

0 

16 

0 

0 

0 

0 28 

0 

0 

0 

16 

0 

0 

0 

0.28 

0 

0 

0 

16 

0 

0 

0 

0.28 

0 

0 

0 

16 

0 

0 

0 

0.28 

0 

0 

0 

co 

0 

0 

0 

0.28 

0 

0 

0 

16 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0 28 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 

17 

0 

0 

0 

0.28 

0 

0 

0 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Bn 



0 30 1249 


0.45 249 


0.45 249 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Ihmbm 


249 


249 


249 


249 


247 


247 


246 


246 


246 


246 


246 


246 


246 


246 l 246 


246 


246 


246 


246 


246 


246 


245 


245 245 


61 61 


61 61 


62 62 


62 62 


61 61 


61 61 


61 61 


61 61 


61 61 


61 61 


61 61 


61 61 


61 61 


61 61 


61 61 


61 61 


61 61 


61 61 


61 61 


61 61 


60 60 


60 60 


61 61 


61 61 


62 62 


4'00 

i 

i 

248 

248 

72 

92 

62 

62 

5 

0 

0 

5 

17 

0 

0 

0 

0 28 

0 

0 

0 

50 

4-15 

i 

i 

248 

246 

71 

96 

62 

59 

5 

0 

0 

5 

17 

0 

0 

0 

0.28 

0 

0 

0 

50 

4:15 

i 

i 

248 

246 

71 

96 

62 

59 

5 

0 

0 

5 

17 

0 

0 

0 

0 29 

0 

0 

0 

50 

4.30 

i 

i 

245 

241 

241 

267 

282 

87 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

50 

4:45 

i 

i 

242 

242 

488 

510 

539 

512 

104 

114 

116 

334 

55 

48 

59 

162 

0.88 

0.92 

0.89 

0.9 

50 

5'00 

i 

i 

239 

239 

796 

841 

851 

829 

176 

189 

187 

552 

74 

69 

81 

224 

0.92 

0.94 

0.91 

0 92 

50 

5-15 


238 

238 

848 

892 

902 

880 

188 

201 

199 

588 

74 

69 

81 

224 

0.93 

0.94 

0.92 

0 93 

50 

5-30 

i 

i 

238 

238 

846 

889 

898 

877 

188 

200 

199 

587 

74 

70 

81 

225 

0 93 

0.94 

0.92 

0 93 

50 

5'45 

241 

241 

241 

241 

845 

890 

897 

877 

189 

202 

200 

591 

76 

73 

84 

233 

0 92 

0.94 

0.92 

0 93 

50 

6.00 


242 

241 

847 

886 

901 

878 

190 

202 

201 

593 

77 

73 

84 

234 

0 92 

0 94 

0 92 

0 93 

50 

6‘15 

241 

240 

240 

240 

844 

892 

899 

878 

189 

202 

200 

591 

76 

72 

83 

231 

0 92 

0 94 

0 92 

0.93 

50 

6-30 

i 

i 

242 

242 

842 

882 

905 

876 

190 

201 

203 

594 

77 

73 

85 

235 

0.92 

0.94 

0.92 

0.93 

50 

6.45 

240 

240 

240 

240 

847 

896 

917 

886 

190 

203 

205 

598 

75 

72 

82 

229 

0.93 

0.94 

0 92 

0 93 

50 

700 

240 

240 

240 

240 

844 

886 

915 

881 

189 

201 

204 

594 

75 

71 

82 

228 

0.93 

0,94 

0.92 

0.93 

50 

715 

242 

242 

242 

242 

840 

885 

910 

878 

189 

202 

204 

595 

77 

73 

84 

234 

0.92 

0 94 

0 92 

0.93 

50 

7:30 

239 

239 

239 

239 

842 

888 

905 

878 

188 

201 

201 

590 

74 

69 

81 

224 

0.93 

0 94 

0.92 

0 93 

50 

7 45 

239 

238 

238 

238 

842 

884 

904 

876 

187 

199 

200 

586 

74 

68 

81 

223 

0.93 

0.94 

0.92 

0 93 

50 

8-00 

238 

238 

238 

238 

841 

892 

904 

879 

187 

201 

200 

588 

73 

69 

80 

222 

0.93 

0.94 

0 92 

0.93 

50 

815 

238 

237 

238 

237 

843 

884 

909 

878 

187 

199 

201 

587 

72 

68 

80 

220 

0.93 

0 94 

0.93 

0.93 

50 

8‘30 

237 

237 

237 

237 

840 

891 

913 

881 

186 

200 

202 

588 

72 

68 

79 

219 

0.93 

0.94 

0.93 

0.93 

50 

8-45 

237 

236 

— 

237 

236 

845 

892 

914 

883 

187 

200 

202 

589 

72 

68 

79 

219 

0 93 

0.94 

0.93 

0.93 

50 

9-00 

237 

236 

236 

236 

845 

886 

912 

881 

187 

199 

201 

587 

71 

67 

79 

217 

0.93 

0.94 

0.93 

0.93 

50 

915 

237 

237 

237 

237 

843 

892 

908 

881 

187 

200 

201 

588 

72 

68 

79 

219 

0.93 

0.94 

0.93 

0.93 

50 





































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2.Transformerno-2 load monitoring data (12-9-2002,13-9-2002 & 14-9-2002) 


Vi V2 V3 V 11 12 13 



KW2 kW3 kW kVAl KVA2 kVA3 KVA PF1 PF2 |PF3 


12.30 

201 

204 

205 

203 

460 

451 

361 

424 

96 

94 

75 

265 

31 

29 

21 

81 

1 

1 

1 

m 


12:45 

240 

239 

240 

239 

482 

483 

372 

445 

109 

111 

85 

305 

36 

33 

24 

93 

0 94 

0.95 

0 96 

0.95 


13:00 

240 

239 

240 

239 

488 

482 

374 

448 

111 

110 

86 

307 

36 

33 

24 

93 

0 94 

0 95 

0 95 

0.95 


13:15 

240 

239 

240 

239 

498 

477 

368 

447 

113 

109 

85 

307 

37 

32 

24 

93 

0 94 

0 95 

0.96 

0.95 


13 30 

239 

239 

239 

239 

481 

476 

374 

443 

109 

109 

86 

304 

35 

32 

24 

91 

0 94 

0 95 

0.96 

0 95 


13:45 

239 

238 

239 

238 

483 

473 

370 

442 

110 

108 

85 

303 

35 

31 

23 

89 

0 95 

0.95 

0 96 

0.95 


14-00 

238 

238 

238 

238 

486 

467 

376 

443 

110 

106 

86 

302 

35 

30 

24 

89 

0 95 

0.96 

0 96 

0 95 


14-15 

238 

238 

238 

238 

478 

454 

370 

434 

108 

104 

85 

297 

34 

29 

23 

86 

0 95 


0.95 


14.30 

238 

238 

238 

238 

470 

454 

362 

428 

107 

104 

83 

294 

33 

28 

22 

83 

0 95 

0.96 

0 96 

0.96 


14:45 

238 

238 

238 

238 

503 

463 

368 

444 

114 

106 

85 

305 

35 

29 

22 

86 

0 95 

0 96 

0.96 

0 96 


15.00 

239 

238 

239 

238 

482 

475 

368 

441 

109 

109 

84 

302 

34 

30 

23 

87 

0 95 

0 96 

0.96 

0.96 


15.15 

238 

238 

239 

238 

478 

479 

366 

441 

108 

110 

84 

302 

33 

30 

22 

85 

0 95 

0 96 

0 96 

0.96 


15-30 

241 

241 

241 

241 

495 

477 

368 

446 

113 

110 

85 

308 

37 

32 

24 

93 

0 95 

0 95 

0 96 

0 95 


15.45 

241 

241 

242 

241 

505 

485 

369 

453 

116 

112 

85 

313 

36 

32 

23 

91 

0 95 

0 95 

0 96 

0.95 


16:00 

242 

242 

242 

242 

479 

470 

356 

435 

110 

109 

83 

302 

34 

31 

22 

87 

0.95 

0 96 

0 96 

0 95 


16.15 

242 


242 

476 

463 

346 

428 

109 

107 

81 

297 

34 

31 

21 

86 

0 95 

0 95 

0 96 

0 95 


16-30 

243 

242 

243 

242 

447 

417 

312 

392 



73 

273 

30 

24 

16 

70 

0 95 

0 96 

0 97 

0.96 


16 45 

244 

244 

245 

244 

399 

359 

279 

345 

94 

86 

66 

246 

24 

16 

12 

52 

0 96 

0 97 

0.97 

0.97 


17.00 

245 

245 

246 

245 

205 

193 

144 

180 

47 

44 

33 

124 

15 

13 

9 

37 

0 94 

0.94 

0 94 

0.94 


17:15 

247 

246 

247 

246 

140 

128 

100 

122 

32 

29 

23 

84 

12 

11 

8 

31 

0.93 

0 93 

0.94 

0.93 


17:30 

247 

246 

247 

246 

151 

126 

97 

124 

34 

29 

22 

85 

13 

11 

8 

32 

0 93 

0 93 

0 94 

0 93 


17 45 

244 

244 

244 

244 

152 

123 

98 

124 

35 

28 

22 

85 

12 

9 

7 28 

0 94 

0 94 

0 95 

0.94 


18.00 

243 

243 

244 

243 

139 

119 

96 

118 

32 

27 

22 

81 

10 

8 

7 25 

0 94 

0 95 

0 95 

0.95 


18-15 

243 

243 

244 

243 

133 

121 

92 

115 

30 

28 

21 

79 

11 

9 

7 27 

0 94 

0.94 

0 95 

0.94 


18.30 

243 

243 

244 

243 

149 

123 

93 

121 

34 

28 

21 

83 

12 

9 

7 28 

0.94 

0 95 

0.95 

0 94 


18.45 

243 

243 

244 

243 

139 

118 

92 

116 

31 

27 

21 

79 

11 

9 

7 27 

0 94 

0 94 

0 95 

0.94 


19.00 

242 

242 

243 

242 

137 

124 

90 

117 

31 

28 

20 

79 

11 

10 

6 

27 

0 94 

0 93 

0 95 

0.94 


19 15 

241 

241 

242 

241 

143 

124 

80 

115 

32 

27 

18 

77 

12 

12 

6 

30 

0 94 

09 

0 94 

0 93 


19.30 

244 

243 

244 

243 

161 

141 

99 

133 

36 

30 

22 

88 

15 

16 

10 

41 

0 92 

0 88 

091 

0.9 


19 45 

244 

244 

245 

244 

149 

139 

99 

129 

33 

30 

22 

85 

14 

15 

10 

39 

0 92 

0.88 

091 

09 


20 00 

244 

244 

245 

244 

128 

127 

94 

116 

29 

27 

21 

77 

11 

13 

9 

33 

0 93 

0 89 

0 92 

0.91 


mmm 

244 

245 

244 

136 

125 

92 

117 

31 

27 

21 

79 

12 

13 

9 

34 

0 93 

0 89 

0 93 

0.91 


20 30 

245 

245 

246 

245 

137 

124 

92 

117 

31 

27 

20 

78 

12 

13 

9 

34 

0 93 

0.89 

0 92 

0.92 


20 45 

245 

245 

246 

245 

139 

124 

93 

118 

31 

27 

21 

79 

12 

— 

13 

9 

34 

0 93 

0.89 

0 92 

091 


21 00 

246 

246 

247 

246 

136 

121 

93 

116 

31 

26 

21 

78 

11 

13 

9 

33 

0 94 

09 

0 92 

0.92 


21 15 

247 

247 

248 

247 

133 

120 

89 

114 

30 

26 

20 

76 

11 

13 

8 

32 

0 93 

0 89 

0 92 

0 91 


21 30 

248 

248 

248 

248 

130 

117 

87 

111 

30 

26 

20 

76 

11 

13 

8 

32 

0.93 

0.89 

0 92 

0 92 


21 45 

247 

247 

248 

247 

130 

117 

85 

110 

30 

25 

19 

74 

11 

12 

8 

31 

0 94 

0 9 

0 93 

0.92 


22 00 

246 

246 

246 

246 

130 

116 

85 

110 

30 

25 

19 

74 

11 

12 

7 30 

0.94 

0 89 

0.93 

0.92 


22 15 

246 

246 

247 

246 

131 

113 

84 

109 

30 

25 

19 

74 

11 

12 

7 30 

0 93 

0 9 

0 93 

0.92 


22 30 

247 

247 

247 

247 

130 

112 

83 

108 

30 

25 

19 

74 

11 

12 

7 30 

0 94 

09 

0.93 

0.92 


22-45 

247 

246 

247 

246 

131 

113 

82 

108 

30 

25 

19 

74 

11 

12 

7 30 

0.94 

0.9 

0 94 

0.92 


23 00 

247 

247 

247 

247 

132 

113 

83 

109 

30 

25 

19 

74 

11 

12 

7 30 

0 94 

0 89 

0.94 

0.92 




25 19 


24 18 


20 16 


19 16 


20 16 


20 16 


20 16 


19 16 



30 0 93 


27 0 94 


17 0 96 


15 0.96 


14 0 97 


15 0 97 


15 0.97 


14 0.96 






































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































|245 |245 


|246 |246 


[246 [246 


2461246 


|247 1247 


1247 1247 


1247 |247 


247 1248 


1244 1244 


|244 1244 


[244 |244 


245 245 


245 1245 


245 245 


244 244 


244 244 


244 244 


244 244 


244 244 


244 244 


243 243 


243 243 


245 245 


243 243 


241 


240 


241 


241 


240 240 


241 241 


241 241 


244 244 


245 245 


241 242 


241 241 


240 240 


240 240 


239 239 


239 239 


239 239 


239 1239 


P9 |239 


240 ^40 


240 1240 


241 |241 


240 |240 


240 |240 


243 I 243 


1243 243 


242 243 


I242 I242 


243 243 


244 244 


109 85 


101 85 


103 85 


108 85 


101 85 


101 85 


101 86 


102 85 


101 l85 


85 


98 84 


98 85 


100 84 


97 84 


101 87 


104 88 


106 88 


103 89 


106 88 


104 88 


104 92 


104 93 


104 98 


183 170 


180 171 


191 180 


203 193 


222 196 


228 192 


265 224 


323 272 


420 333 


435 341 


429 346 


418 344 


419 349 


422 354 


431 362 


439 362 


436 362 


434 368 


425 356 


431 366 


431 372 


434 374 


434 381 


430 374 


425 371 


425 371 


425 371 


426 374 


430 380 


425 374 


423 375 


87 26 


84 24 


84 24 


86 25 


84 24 


84 24 


84 24 


84 24 


84 24 


83 23 


82 23 


83 23 


83 23 


82 23 


84 24 


87 24 


87 25 


87 24 


88 25 


87 24 


88 24 


88 24 


91 24 


160 38 


161 38 


169 40 


182 43 


191 48 


189 52 


220 60 


267 74 


339 96 


354 100 


353 101 


348 96 


352 96 


354 96 


361 98 


364 100 


364 99 


366 98 


355 96 


361 98 


366 98 


367 99 


368 100 


363 98 


360 97 


361 97 


359 97 


363 98 


366 99 


361 98 


360 98 


20 16 


20 16 


20 16 


20 16 


20 16 


20 16 


20 16 


20 16 


20 16 


20 15 


19 15 


19 16 


19 15 


19 15 


I 20 16 


20 16 


20 16 


20 16 


20 16 


20 16 


21 16 


21 16 


22 17 


35 27 


35 27 


37 29 


40 32 


41 33 


44 34 


51 40 


62 48 


77 61 


80 68 


83 68 


80 66 


81 67 


82 67 


83 68 


83 68 


83 68 


84 68 


82 66 


85 66 


86 68 


86 68 


88 68 


87 67 


85 66 


86 67 


86 66 


87 68 


88 68 


87 67 


88 67 


62 6 


60 


60 


61 


60 


60 


60 


60 


60 


58 


57 


58 


57 


57 


60 


60 


61 


60 


61 


60 le 


61 


61 


63 


100 23 



0.97 50 


0.97 50 


0 97 50 


0.97 50 


0.96 50 


0.96 50 


0.96 50 


0.96 50 


0.96 50 


0 97 50 


0.97 50 


0 97 50 


0.97 50 


0.97 50 


0.96 50 


0.96 50 


0 96 50 


0.96 50 


0 96 50 


0 96 50 


0.96 50 


0.96 50 


0.95 50 


0 85 50 


0.86 50 


0.88 50 


0.88 

0 88 

50 

0 88 

0.88 

50 

0.97 

0.95 

50 


0 96 

0.96 

0.96 

0.97 


0.95 50 


0.95 50 


0.95 50 


0.95 50 


0.97 50 


0 96 50 


0.95 50 


0.95 50 


0.95 50 


0.96 50 


0 95 50 


0.95 50 


0.96 50 


0.96 50 


0.96 50 


0.95 50 


0.96 50 


0.96 50 


0.96 50 


0.95 50 


0.95 50 


0.95 50 


0.96 50 


0.95 50 







































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Appendix H 

Lighting System 



Table 1 Energysavingpotential duetoreplacementofconventionalbailastwithelectronicballastin 
Auorescent lamps used for general and task llghting 


Level Area 


Level-1 Pathwaysto 
science 


bghting 

eguipment 

No.of 

fixtures 

Lamps 

per 

Mures 

Lamp 

wattage 

Total 

no of 

lamps 

Powerloss 

incopper 

chokelkW) 

Powerloss 

;in 

eiectronic 

choke(kW) 

kW 

saved 

Operating 

hours/year 

Energy 

tsaving 

potential 

(kWh) 

Cost 

savings 

(RM) 

displaylight 

55 

1 

36 

55 

0.550 

0165 

0,385 

8640 

3326 

765.07 

display light 

9 

1 

18 

9 

0.090 

0.027 

0.063 

8640 

544 

125.19 


CEC 1 

Touchtunnel 

display light 

1 

1 

Living in 

space 

display light 

■ 

1 

Malaysian 

Technology 

display 

lighting 

43 

1 


Level-2 Putureworld 


Level-2 TTilnking 
machine 


display 172 
lightlng 


1 18 


36 


1 18 


1 18 


1 0.010 0.003 0 007 8640 


0 040 0.012 0.028 8640 


43 0.430 0.129 0.301 8640 


0.050 0.015 0 035 8640 


26 0.260 0 078 0.182 8640 


183 1.830 0.549 1281 8640 


112 1 120 0.336 0.784 8640 


172 1.720 0.516 1.204 8640 


60 

13.91 

32 

242 

55,64 

128 

2601 

598.15 

1376 

302 

69.55 

160 

1572 

36167 

832 

11068 

2545 60 

5856 

6774 

1557 96 

3584 

10403 

2392.59 

5504 

36893 

8485.34 

19520 




































































































































Table 2. Energysavingpotential dueto replacement of conventional bailastwith electronicballast in 
Auorescent lamps used for display lighting 


Level 

Area 

Level-1 

Mechanical 

workshop 

Level-1 j 

Electrical 

workshop 

Leve!-1 

Carpentry 

workshop 


Total no Power loss 
Of in copper 
Lamps choke 
(kW) 


Power loss in kW 
electronic sav 
choke (kW) 



Level-3 Conference 

cove 

34 

room 

ligtiting 



Level-3 Office 


Recessed 4 



kW 

saved 

Operatin 

g 

hours/y 

ear 

0 364 

4320 

0 336 

4320 

0 294 

4320 

0 056 

4320 

0.042 

4320 

0 021 

4320 

0 140 

4320 

0.035 

4320 

0.042 

4320 

0.056 

4320 

0 007 

4320 

0.028 

4320 

0.021 

4320 



0 084 4320 


4320 91 


0.028 4320 


0 042 4320 


0 014 4320 60 


0 077 4320 333 



Studio Recessed 4 


2 

18 

8 

0 080 

0.024 

0 056 

2 

36 

2 

0 020 

0 006 

0 014 

2 

36 

^_ 

,0 080 

0 024 * 

0 056 


4320 242 55 64 256 


4320 91 20 87 96 


73 192 


6 96 32 


4320 121 27 82 128 


4320 91 20 87 96 



60 

— 

13 91 

333 

76 51 

907 

208 66 

242 

55 64 

1028 

236 48 




55 64 

60 

13.91 

242 

55 64 


.82 

128 

73 

192 



























































































































































































Recessed 31 


Photocopyin 
g rooni-2 


Secretary 

room 


Director's 

meeting 

room 


Dlrector 

room 


Tollet surtace 
mounted 


Level-3 |Llbrary 


AV room 


Recessed 


Level-4 Multlpurpose 
hall 


Level-4 Tollets 


surtace 

mounted 


surTace 

mounted 


surtace 

mounted 


Level-4 Store 


Level-4 | Canteen 


Pantry surtace 5 
mounted 


wall 

mounted 


Tollet surtace 8 
mounted 


Level-4 Prayerroom surtace 2 
tollets mounted 


36 10 0.100 0.03 


0.040 0 012 


18 16 0.160 0 048 


18 


Tota! 1068 


0.040 0.012 


0.042 4320 


0 014 4320 


0.028 4320 


0 014 4320 


0.994 4320 


0.630 4320 


1935 

445.13 

2048 

1875 

43122 

1984 

423 

97 37 

448 

121 

27.82 

128 

363 

83 46 

384 

121 

27 82 

128 

121 

27.82 

128 

60 

13.91 

64 

242 

55.64 

256 

181 

41.73 

192 

60 

13.91 

64 

121 

27.82 

128 

60 

13.91 

64 

4294 

987.64 

4544 

2722 

625.97 

2880 

302 

69.55 

320 

302 

69.55 

320 

665 

153.01 

704 

242 

55.64 

256 

2117 

486.86 

2240 

3871 

890.27 

4096 

181 

41.73 

192 

423 

97.37 

448 

181 

41 73 

192 

181 

41.73 

192 




302 

69 55 

320 

121 

27.82 

128 

484 

111.28 

512 

121 

27.82 

128 

32296 

7428.15 

34176 








































































































































































































































































Table 3. Energy saving potential due to replacement of 36-W tluorescent lamp with T-5 


Level Area 


Lightjng 

equipment 


No of jLamps 
fixtures 


Level-1 Mechanical 
workshop 


Level-1 Electncal 
workshop 


Level-1 Carpentry 
workshop 


Level-1 Environment 
al odyssey 



Level-1 Annexpublic 
toilet 


surlace mounted 26 


suitace mounted 24 


surtace mounted 21 


surlace mounted 3 


surtace mounted 3 


indirect 10 


covelighting 5 


surtace mounted 6 


surtace mounted 


Level-1 CEC surtace mounted 3 


Level-1 Publictoilet 


imi.m.i.iii.iiJii 


Level-1 Bulldingexit 


Level-2 Temporary 
gallety 


Level-2 Eutureworld 


Level-3 Room-1 


Level-3 Conterence 
room 


Level-3 Office 


Reception 


Studlo 


Main hall 


Photocopying 

room-1 


Photocopying 

room-2 


Secretary 

room 



surtacemounted 6 


surface mounted 2 


surface mounted 11 


Recessed 


covelighting 34 


Recessed 


Recessed 


Recessed 


Recessed 





surtace mounted 8 


_ Director room Recessed 

Level-3 Library Recessed 

!_room Recessed 

_ Recessed 

Level-4 Multlpurpose Recessed 

i hall 



Total 

no of 

lamps 

(PLplus 

ballast) 

wattage 

T-5 

wattage 

kW 

saved 

Operating 

hours/year 

Energy 

saving 

potentia 

1 (kWh) 

52 

46 

28 

0 936 

4320 

4044 

48 

46 

28 

0 864 

4320 

3732 

42 

46 

28 

0 756 

4320 

3266 

6 

46 

28 

0 108 

4320 

467 

3 

46 

28 

0 054 

4320 

233 

20 

46 

28 

0 360 

4320 

1555 

5 

46 

28 

0 090 

4320 

389 

6 

46 

28 

0 108 

4320 

467 

8 

46 

28 

0.144 

4320 

622 

1 

46 

28 

0 018 

4320 

78 

3 

46 

28 

0 054 

4320 

233 

12 

46 

28 

0216 

4320 

933 

3 

46 

28 

0 054 

4320 

233 

6 

46 

28 

0 108 

4320 

467 

2 

46 

28 

0 036 

4320 

156 

11 

46 

28 

0 198 

4320 

855 

30 

46 

28 

0 540 

4320 

2333 

34 

46 

28 

0612 

4320 

2644 






46 

28 

0.036 

4320 

156 

35 77 

46 

28 

0 144 

4320 

622 

143 08 

46 

28 

1 152 

4320 

4977 

1144 63 

46 

28 

0 072 

4320 

311 

71 54 

46 

28 

0.072 

4320 

311 

71 54 

46 

28 

0.072 

4320 

311 

71 54 

46 

28 

0.144 

4320 

622 

143 08 

46 

28 

0108 

4320 

467 

107.31 

46 

28 

2 556 

4320 

11042 

2539 64 

46 

28 

0.180 

4320 

778 

178,85 

46 

28 

0.396 

4320 

1711 

393.47 

46 

28 

1.260 

4320 

5443 

1251,94 









































































































































































































































































































































Level-4 |Toilets |surfacemounted |3 


Level-4 |Store 


surface mounted 3 


Level-4 Canteen 


Pantry surtace mounted 5 


wall mounted 


Level-1 Pathwaysto displaylight 55 
science 


Level-2 Malaysian display lighting 43 1 

Technology 


Level-2 Temporary display lighting 5 1 

gallery 


Level-2 Putureworld display lighting 183 1 


JlO 46 


14 


55 46 


43 46 


183 46 


948 


0.108 4320 


0 108 4320 


467 107.31 312 


467 1107.31 1312 


17.064 


4320 

778 

178.85 

520 

4320 

311 

71 54 

208 

8640 

8554 

1967.33 

2860 

8640 

6687 

1538.09 

2236 

8640 

778 

178 85 

260 

8640 

28460 

6545 84 

9516 


95956 

22070 

49296 
































































































Table4. Energy saving potential dueto replacementot conventionat ballast with electronic 
18-W tluorescent lamp____ 

luvel“t- [ugMtag lNo.af biT,ps|Lamp iTotal IPowerloss Ipowetlossm jkW |ope-ating 

ruuires pet wattage noot mcopper electronic saved hours/),ear 


Ughting 

equipment 


Littlandmg surtace mounted 4 


















lamps choke 

_ (kW) 

8 0 080 


choke(kW) 


0 056 4320 

0.028 4320 


ballastin 

Energy Cost imtiai 

saying savings investm 

potentia (RM) re^mred 

I (kWh) _ (RM) 

242 55.64 256 







































































































































































































































TableS. Room data 


Temperature 

{'■P) 


Uttlanding 


Environmental Odyssey 


Pathways to science 


|Aquarium 


Annex 


Pathways to discovery 


Children exploration centre 


Public toilet 


Stafflift 


lExit 


Mechanical workshop 


Electilcal workshop 


Carpentry workshop 


Mlnimum 


46 


Maximum 


50 


Conditloned 


Conditioned 


Conditioned 


Conditioned 


Conditioned 


Conditioned 


Partyconditioned 


Non air-conditloned 


Non air-conditioned 


Conditloned 


Non air-conditioned 


Party air-conditioned 


Non air-conditioned 


Level-2 

Malaysiantechnology 

24 

113 

71.4 

63.8 

Conditioned 

Level-2 

Temporary gallery 

30 

200 

70.7 

69.6 

Conditioned 

Level-2 

Euture world 

10 

10 

73.9 

619 

Conditioned 

Level-2 

ThinklngMachine 

10 

30 

72.4 

65.3 

Conditioned 

Level-3 

Room-1 

198 

244 

72.3 

62,3 

Conditioned 

Level-3 

Conference room 

160 

375 

72.7 

65.6 

Conditioned 

Level-3 

Office-reception 

168 

265 

73.1 

66.4 

Conditioned 

Level-3 

Ofnce-studio 

277 

1000 

75.3 

62.9 

Conditioned /daylight 

Level-3 

Office-hall 

250 

347 

74.6 

64 

Conditioned 

Level-3 

Offlce-photocopying room 

173 

318 




Level-3 

Offlce-secretary room 

140 

150 

743 

62.2 

Conditioned 

Level-3 

Dlrector's meeting room 

240 

350 

73 4 

65 

Conditioned 

Level-3 

Director'sroom 

250 

320 

73 

65,4 

Condltloned 

Level-3 

Ubrary 

227 

750 

75 8 

59.8 

Conditioned/daylight 

Level-3 

ljbrary-AV room 

221 

317 

74.5 

61 

Conditioned 

Level-3 

Ubraiy-lab 

283 

1650 

73 4 

62.7 

Conditioned/daylight 

Level-3 

Auditorium-2 

100 

115 

73 7 

67 4 

Conditioned 

Level-3 

Auditoi1um-l 

48 

80 

73.7 

66.2 

Conditioned 

Level-4 

Multlpurpose hall 

268 

640 

68 3 

69 

Conditloned /dayllght 


Istore 


Canteen-pantry 


Non air-conditioned 


Non air-conditioned 


72 



















































































































































































































Table 6. Lighting Data 


Leve! Area 


Level-1 Littbay 


Environm 

Odyssey 



Level-1 Pathwayto 
Science 



Level-1 Pathway to 
discovery 


Level-1 Children exploration centre 



Lamp type 

Lamp 

wattage 

Pluorescent 

33 

MetalHatide 

500 

Pluorescent 

51 

Pluorescent 

51 

Low voltage halogen 

50 

Lowvo!tage halogen 

50 

CompactAuorescent 

19 

Low voltage halogen 

50 

Compacttluorescent 

19 

Low yoltage halogen 

50 

Ruorescent 

51 

Ruorescent 

51 

Ruorescent 

33 

Halogens 

124 

High pressuresodium 

150 

Compacttluorescent 

19 

Ruorescent 

51 

Ruorescent 

33 

Pluorescent 

51 

LQWvoltagehalogen 

50 

Metal Hallde 

70 

Halogens 

124 

Pluorescent 

33 

Metal Hallde 

1000 

Ruorescent 

33 

Ruorescent 

51 

Ruorescent 

33 

Ruorescent 

51 

Lowvoltage halogen 

50 

Ruorescent 

51 


Submarine 


Creating 

electncity 




s Lightingload 
(kW) 

Operating 

Hours/day 

3 0 26 

12 

3 4.00 

12 

031 

12 

0 15 

12 

2.10 

12 

0.60 

12 

0.13 

12 

0 10 

12 

0.08 

12 

4 55 

12 

2.81 

12 

1 07 

0 

0,30 

12 

1,24 

12 

0.75 

12 

0 80 

12 

1 02 

12 

0 53 

12 

0 26 

12 

0 30 

12 

0 42 

12 

0 50 

12 

0.20 

12 

3.00 

12 

0.10 

12 

0 20 

12 

0 07 

12 

0 31 

12 

2,25 

12 

2 65 

0 



Low voltage halogen 

50 

11 

0 55' 

12 

Pluorescent 

_ B 

36 

1 84 

0 

Ruorescent 

52 

3 

0.16 

12 

Low yoltage halogen 

50 

12 

0 60 

12 

Lowvoltage halogen 

50 

20 

1.00 

12 

Pluorescent 

33 

1 

0 03 

12 

Lowvoltagehalogen 

50 

6 

0.30 

12 

Lowvoltagehalogen 

50 

6 

0 30 

12 

Low voltage halogen 

50 

6 

0.30 

12 

Low voltage halogen 

50 

5 

0 25 

12 


Dlsplay lights/always switched off 


Display lights 




Dlsplay lights 


oUlwaysswitched off 


6 6 Display Itghts 


0 Always switched off 









































































































































































































































































































































































































































































































































Reception 


Cargo lift 
landingspace 


Mainoffice 


room-2 


Director's 
meeting room 


Ruorescent 

33 

Pluorescent 

51 

Pluorescent 

51 

CompactAuorescent 

19 

Ruorescent 

51 

Ruorescent 

33 

Ruorescent 

51 

Ruorescent 

33 

Compacttluorescent 

19 

Ruorescent 

33 

Ruorescent 

51 

Compacttluorescent 

19 

Ruorescent 

33 

Ruorescent 

51 

Compacttluorescent 

19 

Ruorescent 

51 

Ruorescent 

33 

Ruorescent 

51 

Compacttluorescent 

19 

Pluorescent 

51 

Ruorescent 

33 

Compactfluorescent 

19 

Ruorescent 

33 

Pluorescent 

33 


Stafftoitet 

(male) 


StatTtoilet 

(female) 


Level-3 Library 


Matn IRuorescent 


Ruorescent 


Ruorescent 


Ruorescent 


Ruorescent 


Ruorescent 


Level-3 |Aud!tonum-2 IPluorescent 


Compactfluorescent 


Compactfluorescent 


Level-3 |Auditonum-l iRuorescent 


Pluorescent 


Compacttluorescent 


Compactf3uorescent 


Pluoresceni 


Ruorescent 


Level-3 lnfrontof Pluorescent 
Auditonum- 
1&2 


Ruorescent 


Level-3 Corndor 


0 26 

10 

2 64 

0 10 

10 

1.02 

041 

10 

4 08 

0 11 

10 

1.14 

0.10 

10 

1.02 

0 07 

10 

0 66 

3 26 

10 

32.64 

2.05 

10 

20.46 

0.42 

10 

4 18 

0.46 

10 

4.62 

0.20 

10 

2 04 

0 06 

10 

0.57 

0.40 

10 

3 96 

0 20 

10 

2.04 

0.06 

10 

0 57 

0.20 

10 

2 04 

0 07 

10 

0 66 

041 

10 

4.08 

0 04 

10 

0 38 

031 

10 

3.06 

0 07 

10 

0.66 

0 06 

10 

0 57 

0.10 

10 

0.99 

0 10 

10 

0.99 


51 

142 

7 24 

10 

72.42 

33 

90 

2 97 

10 

29 7 

51 

10 

051 

10 

5 1 

33 

10 

0 33 

10 

3.3 

51 

22 

1 12 

10 

11.22 

33 

8 

0 26 

10 

2 64 

51 

20 

1 02 

10 

10.2 

19 

6 

0 11 

10 

1 14 

19 

8 

0 15 

10 

1 52 

51 

24 

1 22 

10 

12 24 

33 

8 

0.26 

10 

2.64 

19 

27 

051 

10 

5 13 

19 

20 

0 38 

0 

0 

51 

9 

0 46 

0 

0 

33 

17 

0 56 

0 

0 

51 

16 

0.82 

0 

0 

33 

31 

1 02 

0 

0 


OlAlways switched off 




















































































































































































































































Compactfluorescent 


Auditonum 
entrance_ 


AuditonumToilet 


Ruorescent 


Pluorescent 


Handicapped |Fluorescent 


Toilet 


Entrance 


Male 


Handicap 


Pemale 


Pluorescent 


Pluorescent 


CompactTluorescent 


Multipurpose Pluorescent 
hall 


Pluorescent 


Compacttluorescent 


Pluorescent 


Pluorescent 


Pluorescent 


Pluorescent 


Pluorescent 


0 Alwaysswitched off 


0 Alwaysswitched off 


0 Alwaysswitched off 


o|Alwaysswitchedoff 


Tolletmale 


Toiletfemale 


IPrayerroom 


Tolletmale 


Tollettemale 


Prayerroom 

male 


Prayerroom 

female 


Staircase 


Atrium llood 
ligtit 


Landscape 


Pluorescent 


Pluorescent 


Pluorescent 


Pluorescent 


Pluorescent 


Pluorescent 


Pluorescent 


Pluorescent 


Pluorescent 


Metal Hallde 


Compact fluorescent 


Pagade llghting MetalHalide 


Street light j Hlgh pressure sodium 


051 

10 

5 1 

0 20 

10 

2 04 

0 26 

10 

2,64 

0 26 

i 10 

2.64 


0.41 

0 

0 

Always switched off 

0 20 

0 

0 

Always switched off 


224 

7 39 

12 

88 704 

22 

8 80 

12 

105.6 

20 

0 38 

12 

4 56 

10 

4,00 

12 

48 

47 

3 29 

12 

39.48 



































































































































































































Tablel: Air conditioning system 



Eguipment 


Chillers 

7:00 to 17:00 

Chiiled waterpumps 

7:00 to 17:00 

Condenserwater pumps 

7:00 to 17:00 

Stand alone ac system 

7:00 to 17:00 

AHU-1.1 

7:00 to 17:00 

AHU-1.2 

7:00 to 17:00 

AHU-1.3 

7:00 to 17:00 

AHU-1.4 

7:00 to 17:00 

AHU-1.5 

7:00 to 17:00 

AHU-1.6 

7.00 to 17'00 

AHU-1.7 

7.00 to 17:00 

AHU-2.1 

7:00 to 17.00 

AHU-2.2 

7:00 to 17.00 

AHU-2.3 

7:00 to 17.00 

AHU-2.4 

7:00 to 17.00 

AHU-2.5 

7:00 to 17:00 

AHU-2.6 

7:00 to 17:00 

AHU-3.1 

7:00 to 17:00 

AHU-3 2 

7:00 to 17:00 

AHU-3.3 

7:00 to 17:00 

AHU-3.4 

7:00 to 17:00 

AHU-3.5 

7:00 to 17:00 

Coolingtowers 

7:00 to 17.01 

AHU-4.1 

7:00 to 17:02 

AHU-4 2 

7:00 to 17:03 

AHU-4.3 

7:00 to 17:04 

AHU-4.4 

7:00 to 17:05 

AHU-4.5 

7:00 to 17:06 

AHU-4.6 

7:00 to 17:07 


Control 

Rated power 

Auto (BAS) 

3@ 203 kW (1 standby) 

Auto (BAS) 

3@34 kW(l standby) 

Auto (BAS) 

3@34 kW (1 standby) 

Auto (BAS) 

2 @9.6 kW 

Auto (BAS) 

11.2 kW 

Auto (BAS) 

5.2 kW 

Auto (BAS) 

11.2 kW 

Auto (BAS) 

1.5 kW 

Auto (BAS) 

2.2 kW 

Auto (BAS) 

7.5 kW 

Auto (BAS) 

2.2 kW 

Auto (BAS) 

11.2 kW 

Auto (BAS) 

11.2 kW 


3.7 kW 

Auto (BAS) 

11.2 kW 

Auto(BAS) 

11.2 kW 

Auto (BAS) 

3.7 kW 

Auto(BAS) 

1.5 kW 

Auto (BAS) 

2.2 kW 

Auto (BAS) 

2.2 kW 

Auto (BAS) 

2.2 kW 

Auto (BAS) 

2.2 kW 

Auto(BAS) 

3@4.1 kW (1 standby) 

Auto (BAS) 

3.7 kW 

Auto (BAS) 

2.2 kW 

Auto (BAS) 

3.0 kW 

Auto (BAS) 

5.6 kW 

Auto (BAS) 

7.5 kW 

Auto (BAS) 

11.2 kW 


Table2: Rated parameters of Rotary screw chiller 


No. of units 

Three 

Make 

York 

Model 

YSOBCBS 35 CHAO 

Retngerantused 

R22 

Coolingcapacity 

320TR each 

Type of control console 

Micro Processor 

Overall dimension 

158.5" X 62.5" X 78.63" 

Operating cycle 

16,310kgeach 

Compressor 

Type and model no. 

Screw/53 

Operatingspeed 

Approximately 5000 rpm 

Motor 

Type and Model 

lnduction/5CH 

Rated HP/kW 

203 kW 

Rated Voltage 

415V 

Operated speed 

2900 rpm 




































































































































Condenser 

Circulating water quality 

800 iGPM 

No. ofpasses 

2 

Entenngwatertemperature 

87.5°F 

Leavingwatertemperature 

96.94 °F 

Condenserfoulingfactor 

0.0005 

Cooler 

Circulatingwaterquality 

800 IGPM 

No. ofpasses 

2 

Entenngwatertemperature 

54°F 

Leaving watertemperature 

44°F 

Coolingfoulingfactor 

0.0005 


Table 3. Rated parameters of chilled water pumps 


No. of pumps 

3 

Make 

Peerless 

Type 

6AE16 

Diameter 

1.7x0.7x0.9m 

Operating weight 

690 Kg 

Circulating water quantity 

637IGPM 

Speed 

1470 rpm 

Rated HP 

45.57 HP 

Operating head 

170 FWG 

Pump efficiency 

72% 

Motor 

Make 

TECO orELEKTRM 

Type 

TEFC, Sguirrel cage motor 

Speed 

1455 rpm 

Rated HP 

60 HP each 


Table 4. Rated parameters of condenser water pumps 


No. of pumps 

3 

Make 

Peerless 

Type 

6AE16 

Diameter 

1.7 X 0.7 X 0.9 m 

Operatingweight 

690 kg 

Circulating water quantity 

637IGPM 

Speed 

1470 rpm 

Rated HP 

45.57 HP 

Operating head 

170FTWG 

Pump efficiency 

72% 

[Motor 

Make 

TECOorELEKTRM 

Type 

TEFC, Sguirrel cage motor 

Speed 

1455 rpm 

Rated HP 

60 HP each 






























































Table 5. Rated parameters of coolingtowers 


3 


Make/Model 


Country of manutactunng 


Rated pertormance at 
95°FDB/81“FWB 


Evaporation loss 


Diift loss _ 


Mateiialofframework 


Matenalofcasing 


Type of infill _ 


Fan ______ 


No,offans pertower 


Typeoffan _ 


Diameter 



RatedHP 


NIHION SPINDLE/CTA-400UN 


Malaysia 


400 HRT 


0.87% 


0 . 20 % 


Hot-Dip galvanized steel 


FRP 


PVC 


Axial flow 


1700 mmx2 


494 rpm 


Crompton UK 


TEFC 


1450 rpm 


7.5 



Table 6. Rated parameters of AHUs installed at Level-1 


AHU-1.2 


York 


CS217SH 


08 


581,600 


314,000 


53.52/53.17 


Parameters 


Make _ 


Model No. 


No. of rows 


Totalcapacity (BTU/h) 


Sensible capacity (BTU/h) 


Airofftemperature(°F) 


Chilled waterpuantity (IGPM) 


Extemal static capacity (“WG) 

Airflow(CFM) _ 

Motor, HP 


AHU-1.1 


lYork 


|CS270SH 


08 


629,600 


1437,100 


I50.81/50.55 


103.3 


1.20 

~ 14,800 
15 


09 _ 

10,800 

7 


lAHU-1.3 


York _ 


CS217 


|06_ 


906,600_ 


1340,100 


157.18/57.12 


137.5 


Jh _ 

~ 11,175 
" 15 


lAHU-1.4 


York__ 


CS32__ 


04__ 


68,100_ 


41,800_ 


157,18/57.12 


Table 7. Rated parameters of installed AHUs at Level-1 


Parameters _ 

Make _ 

Model No. __ 

No. of rows __ 

Total capacity (BTU/h) _ 

Sensible capacity (BTU/h) 

iirnff tpmnpratiire f° R 








AHU-1.5 

AHU-1.6 

AHU-1.7 

York 

York 

York 

CS113 

CS270 

CS113SH 

8 

6 

8 

357,700 

786,700 

307,500 

153,400 

407.800 

1,037.660 


54.15/54.07 

51.54/51.30 
















































Table 8. Rated parameters of installed AHUs at Level-2 


Parameters 


Make 


Model No, 


No. of rows 


Total capacity (BTU/h) 


Sensible capacity (BTU/h) 


Airofftemperature(°F) 


Airflow(CFM) 


Motor, HP 


AHU-2.1 

AHU-2.2 

AHU-2.3 

AHU-2.4 

AHU-2,5 

York 

York ' 

York 

York 

York 

CS336SH 

CS336SH ' 

CS217SH 

CS336SH 

CS336SH 

08 

08 1 

08 

08 

08 

1,180,900 

1,115,200 

842,900 

973,500 

955,900 

540.900 

525,100 

331,700 

506,800 

497,800 

50,93/50.75 

50,59/50.44 

50,53/50,47 

50.71/50,53 

50.72/50.54 

166.7 i 

180.8 

140 

159.2 

155.8 

1.20" 

0.88" 

1.20” 

1.15" 

0.73" 

18,400 

17,200 

8,100 

17,100 

16,800 

15 

15 

5 

15 

15 



Table 9. Rated parameters of installed AHUs at Level-3 


Parameters 

AHU-3.1 

AHU-3.2 

AHU-3.3 

AHU-3.4 


Make 

York 

York 

York 

York 


Model No. 

CS50SH 

CS74SH 

CS50SH 

CS113SH 


No. of rows 

08-Dec 

08-0ct 

8./10 

06-Dec 

05-Dec 

Total capacity (BTU/h) 

122,500 

305,900 

210,510 

323,100 

110,800 

Sensible capacity (BTU/h) 

56,900 

135,400 

93,400 

144,000 

52,500 

Airoff temperature (“F) 

53.75/53.69 

58.02/52.85 

53.96/53.77 

54.15/54.07 

55.75/55.13 

Chilled water quantity (IGPM) 

19.6 

48.3 

34.6 

53.3 

18.3 

Extemal statjc capacity ("WG) 

0.64” 

0.85” 

0.83” 

0.85" 

1.26" 

Airflow(CFM) 

2100 

4075 

2900 

4500 

2700 

Motor, HP 

2 

3 

3 

3 

3 



Table 10. Rated parameters of installed AHUs at Level-4 


Parameters 

AHU-4.1 

AHU-4.2 

Make 

York 

Yoilt 

Model No 

CS156SH 

CS113SH 

No, of rows 

04-0 ct 

04-0ct 

Totalcapacity (BTU/h) 

380,300 

217,000 

Sensible capacity (BTU/h) 

167.800 

98,500 

Airoff temperature(°F) 

62.15/60.95 

61.09/59,93 

Chilled water quantity (IGPM) 

63.3 

33.3 

Extemal static capacity ("WG) 

13 

|1.3 

Airflow (CFM) 

,7,350 

4,300 

Motor, HP 

5 

3 


AHU-4.3 


York 


CS113SH 


08-0ct 


451,900 


200,200 


53.39/53.21 


72.5 


0.62 


6,100 


AHU-4.4 


York 


CS217SH 


04-Dec 


333,800 


219,400 


55.11/54.03 


54.2 


AHU-4.5 


York 


CS217SH 


05-0ct 


363,500 


240,800 


55.16/54.15 


58.3 



AHU-4.6 


York 


CS402SH 


06-0ct 


1,004,500 


560,500 


54.54/53.81 


154.2 


1.28 


20,850 


15 


Table 11. Rated parameters of installed Fan Coil Units (FCUs) 


Parameters 

FCU-1.1/1.2 

FCU-1.3/1.4 

FCU-3.1/3.2/3.3/3.4/3.5/3.6 

Make 

York 

York 

York 

Model 

FCU 800FE-2R 

FCU600FEII-2R 

DCP10-6R 

Media 

Chiiled water 

Chilled water 

Chilled water 

Total capacity (BTU/h) 

23,400 

17,600 

48,160 


1050/760/550 

1050/760/550 

930 


567 

960 

960 






























































































































































































































MotorHP 

1/15 

1/30 

1/3 

Watertlow rate (USGPM) 

4.30 


9.63 

Dimensions (INCHES) 

71.6X8.9X24.9 

55.9X8.9X25 

32X29X16.5 

Weight(kg) 

30 

24 

74 


Table 12. Listoffans installed 


Location 

Numberoffans 

installed 


FCU 

EF 

TEF 

AF 

PF 

VF 

Level 1 

4 

5 

3 

5 

8 

4 

Level 2 

- 

- 

3 

6 

- 

- 

Level 3 

6 

- 

3 

- 

- 

- 

Level 4 

8 

2 

3 

- 

- 

■ 


FCU: 

Fan coil unit 

EF: 

Exhaustfan 

TEF: 

Toilet Exhaust fan 

AF: 

Axialfan 

PF: 

Propellerfan 

VF- 

Ventilationfan 


Table 13. Measured electrical parameters of Air-conditioningsystem (plants, pumps & 
coolingtowers) 


Eguipment 

Rated motor(kW) 

Voltage (V) 

Current(l) 

Powerfactor(PF) 

3-Ph power(kW) 

When chillerno-1 & no-3 are operating 

Compressor#! 

203 

415 

285 

0.89 

182.3 

Compressor#3 

203 

415 

274 

0.88 

173.3 

Condenserpump#! 

30 

411 

29.5 

0.76 

16 

Condenserpump#3 

30 

411 

53.3 

0.87 

33 

Chilledwaterpump#! 

45 

411 

75.8 

0.88 

47.6 

Chilled waterpump #3 

45 

411 

74.9 

0.88 

47.1 

Coolingtower# lA 

5.5 

410 

5.5 

0.95 

3.7 

Coolingtower# lA 

5.5 

410 

5.76 

0.92 

3.7 

Coolingtower#3A 

5.5 

410 

5.6 

0 91 

3.6 

Coolingtower# 3B 

5.5 

410 

5.45 

0.93 

3.6 

When chiller no-2 & no-3 are operating 


Compressor#2 

203 

415 

276 

0.88 

174 

Compressor#3 

203 

415 

250 

0.87 

155 

Condenserpump#2 

30 , 

416 

31.4 

0.71 

16.1 

Condenserpump#3 

30 

416 

56.4 

0.87 

35.2 

Chilled water pump #2 

45 

415 

74.8 

0.88 

47.5 

Chilled waterpump #3 

45 

416 

76.3 

0.88 

48.5 

Coolingtower#2A 

5.5 

412 

5.6 

0.93 

3.7 

Coolingtower#2A 

5.5 

412 

5.5 

0.92 

3.6 

Coolingtower#3A 

5.5 

412 

5.7 

0.94 

3.8 

Coolmgtower#3B 

5.5 

412 

5.5 

0.92 

3.6 



























































































































14. Measured electrica! parameters of Air handling units 


Equipment 


AHUs Level 


Rated motor(kW) Voltage(V) |Current(l) 


Powerfactor(PF) 3-Ph power(kW) 



11.19 

417 

17.7 

0.81 

5.22 

411 

10.21 

0,57 

11.19 

414 

12.67 

0.63 

1.49 

409 

2.79 

0.52 

2.2 

410 

4.13 

0.66 

7.46 

417 

12.19 

0.73 

2.2 

414 

4.24 

0.54 


AHUs Level 


2.1 



2.5 


2.6 


AHUs Level-3 


11.19 

408 

11.19 

412 

3.73 

407 

11.19 

409 

11.19 

412 

3.7 

Notin use 


AHUs Level-4 


4.1 





3.1 

1.5 

410 

3.09 

0.62 

1.36 

3.2 

2.2 

407 

3.47 

0.45 

1.1 

3.3 

2.2 

410 

4.27 

0.68 

2.07 

3.4 

2.2 

411 

4.18 

0.67 

1.99 

3.5 

2.2 

414 

4.34 

0.72 

1.29 


3,7 

412 

7.52 

0.75 

2.2 

413 

3.96 

0.85 

3 

412 

6.02 

0.69 

5.5 

413 

9.26 

0.5 


413 

9.61 

0.62 

11.19 

411 

17,8 

0.78 



Table 15. Measured parameters of Air-conditioning plants (plant no-1 & no-2 are in 
operation) 


Plantno-1 

SNo. 

Parameters 

10:45 

12.15 

13:30 

15:30 

1 

Return chilled water temperature (° C) 

12.9 

13.1 

13,2 

13 

2 

Suppty chilled water temperature (° C) 

^■i 

7.7 

7.7 


3 

Entenng condenserwatertemperature {° C) 

26.7 

27.5 

27,7 

27.6 

4 

Leaving condenser watertemperature {° C) 

33.9 

34.5 

34.7 

34.7 

5 

Evaporating pressure (psig) 

67.7 

69.3 

69.7 

69.5 

6 

Condensmg pressure (psig) 

195.6 

199.6 

200.3 

200 


Plantno-2 


Retum chilled watertemperature {° C) 

12.9 

13.1 

13.2 

Supply chilled water temperature (° C) 

7,8 

8.2 

8.3 

Entenng condenser watertemperature (“ C) 

26.7 

27.5 

27.7 

Leaving condenser watertemperature (° C) 

33.5 

34.3 

34,6 

Evaporating pressure (psig) 

70,5 

72 

72.3 

Condensmg pressure (psig) 

198.9 

202 

203.6 

















































































































































































Table 16. Measured parameters of Air-conditioning piants (plant no-2 & no-3 are in 
operation) 


Plantno-2 

Time 

SNo. 

Parameters 

11:00 

12.30 

14:30 

16:00 

17:00 

1 

Return chilled watertemperature (° C) 

13 

13.2 

13.5 

13.1 

13.1 

2 

Supply chilled watertemperature (° C) 

7.9 

8 

8.8 

8.3 

8.2 

3 

Entenng condenserwatertemperature (° C) 

28 

27.8 

28.3 

27.7 

28.2 

4 

Leaving condenser watertemperature {° C) 

34.7 

34.5 

35.2 

34.5 

35.1 

5 

Evaporating pressure (psig) 

70 

70.5 

71.1 

70.9 

70.3 

6 

Condensing pressure (psig) 

200.5 

201.1 

202.9 

200.7 

201.5 

Plantno-3 


1 

Return chilled watertemperature (° C) 

13 

13.2 

13.5 

13.1 

13.1 

2 

Supply chilled water temperature (° C) 

8.2 

8.5 

8.8 

8.3 

8.4 

3 

Entenngcondenserwatertemperature(°C) 

28 

27.8 

28.3 

27.7 

28.2 

4 

Leaving condenser watertemperature (° C) 

34.4 

34.3 

34.7 

34.2 

34.6 

5 

Evaporating pressure (psig) 

76.8 

75 

76.8 

75.6 

75.2 

6 

Condensingpressure (psig) 

196.3 

194.8 

196.3 

195.3 

197.2 


Table 17. Total cooling produced by the plants 



Measured flow (ips)xSp.heat x temp.Difference(° c)x3600 

Cooling produced (Tons) = 

3024 


' Measured flow (uSGPM)x Sp.heat x temp.Difference(^ F ) 

Cooling produced (Tons) - 

24 


Plants{Chiilers) 


Dunng chillers #1,2 operation 


Chiller#! _ 


Chiller#2 _ 


Condenser#! 


Condenser#2 


Cooling produced 
(TR) 













































































Table 18. Measured temperatures of jcoolingtowers 


When plant no-1 & no-2 are operating (all temperature are in ” C) 


Time 

CoolingTower 

Ambient 

Range 


Coolingtower-1 

Cooling tower -2 

DBT 

WBT 

CT-1 

CT-2 

CT-l 

CT-2 

In 

Out 

In 

Out 

11:00 

33.8 

26.8 

33,8 

26.5 

31.6 

24.5 

7.0 

7.3 

2,3 

2.0 

12:30 

34,5 

27.8 

34,5 

27.4 

33.0 

25.2 

6.7 

7.1 

2.6 

2.2 

13:45 

34.6 

27.9 

34,6 

27.3 

33,4 

25.5 

6,7 

7.3 

2.4 

1.8 

1 16:00 

34.6 

27.7 

34.6 

27 3 

31.8 

25.0 

6.9 

7,3 

^ 2.7 

2.3 


When plantno-2 &no-3 are operating _ (all temperature are in °C) 


Time 

CoolmgTower 

Ambient 

Range 

-] 

Approach | 

Coolingtower-2 

Coolingtower-3 

DBT 

WBT 

CT-2 

CT-3 

CT-2 

CT-3 

In 

Out 

In 

Out 

11:15 

34.5 

27.8 

34.5 

28,2 

30.5 

25.5 

6.7 

6.3 

2.3 

2,7 

12:45 

34.4 

27.4 

34.4 

28.0 

31.3 

25.3 

7.0 

6.4 

2.1 

2.7 

14:45 

35.0 

28.2 

35.0 

28.5 

28.2 

26.0 

6.8 

6.5 

2.2 

2.5 

16:30 

34.4 

27.5 

34.4 

27.9 

26.8 

25.2 

6.9 

6.5 

2.3 

mm 


Tabie 19. Userside “TR" estimation atlevel-l 


Particulars 


Unit 


AHU-l 1 


AHU-1.2 


AHU-1.3 


AHU-1.4 


AHU-1.5 


AHU-1.6 


AHU-1.7 


Pilter area 


1 941 


1 491 


1 114 


1 426 


1083 


1.341 


0.326 


0 774 


1 056 


0.812 

1.112 


lnletvelocity 


m/s 


0 609 


2 620 


1 091 


3 301 


1051 


2.859 


2.752 


2 092 


3 743 


Inletairtlow 


m^/s 


1.182 


3 906 


1 215 


4 707 


1 138 


3.834 


0 897 


1 619 


3 953 


0 903 


Total f!ow 


m/s 


5.090 


5.922 


4 971 


0.897 


1.619 


3 953 


0.903 


Inletair DBT 


°C 


76 600 


75.30 


77.300 


78 800 


78.000 


75 000 


76 800 


Inlet airWBT 


71.900 


68.700 


71 600 


73.000 


66 900 


68.100 


70 600 


Inletair 

enthalpy 


kJ/kg 


65 230 


58 760 


64 580 


67 480 


55 280 


57 610 


62 520 


Outlet airDBT 


°C 


60 600 


64.400 


64 400 


65 800 


71 900 


64 500 


63 800 


OutletDBT 


°C 


59 100 


62.100 


62 100 


63 700 


64 400 


61 800 


61.200 


Outletair 

enthalpy 


kJ/kg 


42 210 


47 040 


47 040 


49 750 


50.890 


46 530 


45 550 


Enthalpy 

difference 


kJ/kg 


23 020 


11 720 


17.540 


17 730 


4 390 


11.080 


16.970 


Airdensity 


kg/m^ 


1 150 


1.160 


1 150 


1 147 


1.150 


1.160 


1 150 


Airmass flow 


kg/s 


5 854 


6.870 


5 717 


1.029 


1 862 


4.585 


1038 


Cooling effect 


kW 


134 74 
8 


80.511 


100.270 


18.245 


8.175 


50.802 


17.621 


Tons of 
refngeration 


TR 


38 314 


22.892 


28 511 


5 188 


2 324 


14.445 


5 010 


Rated TR 


% of rated TR 


TR 


52 400 


48 400 


75 500 


5 600 


29 800 


65.500 


25.600 













































































































































































































































Table 20. User side “TR” estimation at level- 


Particulars 

Unit 

AHU-2.1 

AHU-2.2 

AHU-2 3 



2 227 

2.227 

2.227 

0 539 

1.322 

!nletvelocity 

m/s 

2.412 

1.493 

1.813 

8.603 

0.680 

lnletairflow 

m^/s 

5.372 

3.325 

4.038 

■- 

4 637 

0.899 


Totatairtlow 


Inletair DBT 


InletairWBT 


Outlel air DBT 


Outlet WBT 


Outletairenthatpy ] kJ/kg 


Airdensity 


Airmasstlow 


Cooting effect 



Rated TR 


% of rated TR 



5 372 


72.500 


68 100 


57 660 


60.000 


58 600 


41.430 


16 230 


1.165 


6 258 


101.565 


28.879 


98.400 


29.348 


7.363 


74 400 


70.700 


62 780 


60.400 


59 100 


42.210 


20 570 


1 160 


8 541 


175.690 


49.956 


92.900 


53.774 



Table21. Userside “TR” estimation atievel-;: 


Particulars 

Unit 

AHU-3.1 

AHU-3.2 

AHU-3.3 

AHU-3.4 

AHU-3.5 

Evaporator area 

m' 

0.378 

0.468 

0.378 

0 416 

0.799 

Inlet velocity 

m/s 

1.929 

1.518 

3.890 

5 850 

” 

1.401 

Inletairtlow 

mVs 

0.729 

0.710 

1.470 

2.434 

1.119 

Inletair DBT 

°C 

73.500 

79.100 

75.700 

75.000 

70.500 

InletairWBT 

°C 

65.400 

70.100 

66.200 

66.500 

63.600 

Inletairenthalpy 

W/kg 

52.620 

61.460 

54.060 

54.600 

49.490 

Outlet airDBT 

°C 

59.000 

60.800 

61.800 

60.600 

59.100 

OutletWBT 

°C 

58.600 

59 700 

60.200 

59.300 

58.200 

Outletairenthalpy 

kJ/kg 

41.440 

43 150 

43.940 

42.520 

40.830 

Enthalpydifference 

kJ/kg 

11.180 

18.310 

10.120 

12 080 

8.660 

Air density 

kg/m^ 

1.167 

1.151 

1.162 

1 163 

1 174 

Airmass flow 

kg/s 

0.851 

0.818 

1.709 

2.830 

1.314 

Cooling effect 

kW 

9 513 

14.972 

17 291 

34.190 

11.381 

Tons of refngeration 

TR 

2.705 

4 257 

4.917 

9.722 

3 236 

Rated TR 

TR 

10.200 

25.500 

17.500 

26.900 

9 200 

% of rated TR 

% 

26.52 

16.69 

28.09 

36 14 

35.17 

















































































































































































































Table 22. Userside “TR” estimation atIevel-4 


Particulars 

Unit 

AHU-4.1 

AHU-4.2 

AHU-4 3 

AHU-4.4 


Evaporatorarea 


0 438 

0.806 

0.806 

0 438 

0 806 

0.786 


0.538 

lnletveloctty 

m/s 

2.413 

1.813 

1.168 

1 722 

2 529 

1.610 

8.778 

6 624 

Inletairtlotw 

m^/s 

1.057 

1.461 

0.941 

0 754 

2 038 

1.265 

4.723 


Total airtlow 

mVs 

2.518 


1.695 


3 303 


4 723 


Inletair DBT 

°C 

84.900 


84 500 


83.400 


71 600 

72 600 

Inlet airWBT 

°C 

74.300 


75.500 


72 600 


63,100 


Inletairenthalpy 

kJ/kg 

70 210 


72 890 


66 540 




OutletairDBT 

°C 

65.400 


62 700 


64.200 




OutletWBT 

°C 

62 400 


60.800 


47.530 




Outletairenthalpy 

kJ/kg 

47.510 


44 920 


47 000 


40 680 


Enthalpy ditterence 

kJ/kg 

22.700 


27.970 


19.540 


7 930 

13.890 

Alrdensity 

kg/m^ 

1.135 


1.133 


1 139 


1.173 


Airmass flow 

kg/s 

2.858 


1.920 


3 762 


5 540 

4 155 

Cooling effect 

kW 

64.875 


53.715 


73 512 


43 929 

57.717 

Tons of retngeration 

TR 

18 447 


15 273 


20 902 


12 491 


RatedTR 

TR 

31 600 


18.000 


37 600 


27 800 

30 300 

% of rated TR 

% 

58 375 


84.851 


55 591 


44 931 

54.163 


Table 23. AHUs teeding areas 






























































































































































Table 24. Operating speeds of AHUs fans & motors 






























































Pigure 1: Monitored ambient condition near PusatSains Negara 



Pigure 2: Temperature and humidity under dome 
















Rgure 3: Temperature and humidity in Annexe 






















Plgure 5; Temperature and humidity at Atrium 


Monitored Conditionsot Attrium on 18 09.2002 to 19.09.2002 



Pigure 6: Temperature and humidity in Library 










Pigure 7: Temperature and humidity at Children Exploration Centre 



Rgure 8:Temperature andhumidityin PutureWorld 










Rgure 9: Temperature and humidity in Office 



Pigure 10: Temperature and humidity in Temporary Gallery 







Rgure 11: Temperature and humidity in Thinking Machine 









